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OBJECTIVES 


'! ! 


' ■^'TKe'raain'^ob'jectkves 'of ■tfie"‘Mekohg 'Ct>mmittee xhvestxgatloris 


using LANDSAT-2 data* are' as' folTow^ 


lirsti 


U'jj 


Short- te rm dbj active s 




By both photo-interpretation and automatic data processing 
%ectmi“que's,' "supp*6r'te'd by' groTlh'd'' trutfi d'k&’^and' Fieid^''surveys , establish 




t i..'. : 


: pj. .'zf^ ' Land'^-Ci:^iV- ‘.pedo- 5 e'omorph'olo^ and=; -iarid''-capabiTityl mapsi 

of the lower Mekong^basin'] n • -,/i: ,:?/•. lii/. 

I „ ^ I r . Maps showing, primary forests and deciduous forest areas; 

b iHaps'':shotong:z consecutive,, flood* -andf -dr ai‘nage?.pa'tternsy!ibf 
vxltof ^‘Mekbh■g•: 1-owl'audSo'. ’ % ;J 1?-.;' V-. r >zo 'io'.. V'-' 


B= Long-term objectives . , 

Organise a research programme for, classification of 
agricultural crops and land use, and for soil "moistxire monitoring 
ufdrt^crop'.'iforecasting,-. I f r m 

c"! r-v ~zv> • i? t' t- ; 

2V;=x'; 'y,f T-ECHMIQUSS' i , .lO r i-r. ■ .... v ,S.- 'iftr '.y-- 

ifl r I :;o.l ' . t'uv-i. ' u •t \,S j' • '.d'/lBV’j 

2^I-t •-•> ’ /. 'Data'’ qu'a'lity ^and~‘.deM-ve3cy- •’■•••!.•* : rhiu..*' 

o./.-I r& 't-n i •• 

, , For the identification of L^DSAJ-2 data the test area of 
the, lower ^Mekong, basin is defined by ,a convex .oQly.gon with .five , 
corners. ..as; follows, - ..... , • . 

•,.U5f t'i' 
■> f,,r; J.,r , L.'t.l £i.r 


J :r.> xr mi o our. '3,1 j 
No» 

Lahitiide 

'Lonqrtu’de 

' 0 .-V >.'n * if’j 

1'. .h'l.'vr 


1 

20® 00* ‘M . 

10p°.p0]._.E, 

2 

20° 00 ‘ N 

106° 00> E 

'.-•if! ".•I'o S’-'vi.'ln**, !• 

12° 'pOi* -.Nz : ui£-' 

5;11‘1° iOO< -Bi 

J /. ;.'i4 t-’.ci'-iziv 

08° iOOl '.N hi-j 

."105°-. OpJr..B; 


‘ ■ j •. ’■ i % ' ,V. . a c ' t ’<i.’ 

iT'a.i.i' , f £-l-6-v..00;*:-.-rNjV >’ ^-.lOO'l O.OM' E," • •<;< .If/u'iltib- 

od:..p.^; ='t;. • r.<’, r.-.o-i-x . ’ui;. .'t t- <.o .vT'P -Mfl 

Ten LANDSAT ground tracks and 55 LANDSAT scene frames cover 
the entlire ^est^area of about'“60'6*, 000 which' cover' the whole Lao PDR 

I '.'x \ I'.f u ' - ■ r.i -.i.v. 


/ and 
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and Kampuchea, the north and northeast Thailand, and toe Mekong delta 
and toe highlands in Southern Viet~Nam, (Map,l).. ^ • . f ■. .-/ 


The data output received during, the period of investigation 
is listed in Annex 1. 


The quality of tte imagery from LANDSAT-2 has improved very 


considerably in comparison with those from LANDSAT-1} moreover certain 
gaps in LANDSAT^l data, of cloudy -areas,, especi-aily over the Annamite 
mountain chain are being filled now, 


' 'The delivery time (between' date toe picture' are taken and 
- received ..in .Bangkok)' .was' approximately 2 months and 20 days, which 
is for toe purpose of our investigations rquite' satisfactorily. 


2,2 Groimd truth collection 

'2.2,1 Ah' ey^risive coverage' ' 

An extensive ground truth coverage was.- conducted-for 
toe preparation of to ematic maps. Ground control or verification 
was carried out mainly on the basis of aerial photographs ’ and maps, 
made available by the national offices concerned in the four riparian 
countries. Though this information -was. often -rather. old (1954 to ; 
I960), comparison with satellite data made it possible to update 
vege'ta’tiorial units'i’n. a generally precise ^manner. The early maps 
and aerial' phot'ogVaphs "viere’also used' to prepare the mapis of "i^eas 
for which only poor quality images were available;,''' the updating, ■' 
in this case, lacks precision., especially for toe province of Loei 
in Thailand and for the 'areas located west“6f toe Mekong "Between 
Luang Prabang and Paklay in Lao PDR. 

In some areas,- the 'absence of ■'any documentation and the 
impossibility of carrying out ground truth observations made it 
difficult to identify and,' describe vegetational formations, as in 
the northern part dfLao PDR and toe areas located northeast of Thalchek. 

^ Gro-und tru'to .controls were also carried out in the north- 
eastern provinces of Thailand but they were rather limited, '■•; 
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. . .'■'>, 2 ,.‘ 2 'i 2 - . An .intensive - coverage , 


■i;i £,^ ■'■ 


ai' .'i'‘!.‘ 


A more detailed ground truth coverage was .conducted 
’¥6 t ^'e' purpo’se'oi'^roVidihV fdield’ ihforftia'tibris-“to be’-u^ed in the 
computer supervised classification^'^ ' Two' basic’ d'a€a'''cb]:ieci^ibh'''^ 
systems ;fpr> obt?iining rthe ground; t^tt^ -observations, during the time 
that liANDSAT-iSr.-satellite passes; pver-r. two. .selected- .siteS; for.^.a.,p.eri,od 
of one year starting from August 1975 were carried out* These test 

;-v “Vif'-ic*.. : .•.-'If ■ • -v .•n.’.vvi-j '-t ;--»i ,i-i 

sites were the, area alcaiM itsahclyD'-thin Highway from Km, 29 just north 
S'. 'v's.'j ;j’;. sj . . vv . ..s * OiL: C !-i.. •■ 

of Don Muarig .Airport .to Kmo 65 CWang Moi District) and the area . in 

Tamb'Sii Baii’g''Khan', ■subdi'st'rict' of ’ Klbiig '•bu-anb’''D'istr£^^ Pratuft'thani 

'P'rbvincfe'o ’'Grbund' '-iriioir mai^'oh's" cdllecte^^d 'indlc'ated*'*cf6’p-'"Sfe'asona^i"’*‘^ 

changes,,, .and manrmade objects within the. test perimeter, along the 

Highway' ,permited the’ ground check points to identify and to map 

— 1 . 1 . ' ,K- ' t- - ! • v t . 'd'’ 

against" the 'he'sired satellite imagerial pixels, 

.v: ■Ur-,'... f -r v.-.- b-; L 

■* "Seven 'niain’’f eagres 'in .the' “above- mentioned 'itites' were’ -■ '■■■ " 

'collected';’ £?, e i V 'rice grass, Bush', '-housing or>factor’y," baregifdund, 
'wa'ter' soil* cohbiiS'bns..' ‘During the field -observation',' the- '' 

environmental and .atmospheric conditions at AIT Water— Resources 

-i'' iX*\ i i, I "C% r* J V'T * 

Laboratory were recorded. Colour photographs were also taken at every 

E .‘:c •. J. Ki '1 , "-.■.Z's.. .• .=.{ I'j I'.'.i 

Kilometer ...mark along the Phaholyothin Highway, 

'.('/i-j ‘-.ft.;.!, lo ’.h. c.' .■■■ : • * . ' 1 - >r' i ’ V 

'• -recdrded ' data was manually- -checked and-- key-piidched' .'onto 

cards '’ai?d''’’tl?cn'*’‘edxted.' -lDy'’a‘-'co’mputer prograitiifie -before' storing -'in-’S~ 
computer fil4''^-‘fof''easY'’’re^^ ^ fd‘'‘retri’e-vfe‘''the information -'-from 

‘the ‘file’, 'bbs^rtatfdn date’ A’hS test''site‘ type 'were i selected--''a’s 'the 
primary indices’ for each data set. Then ‘ each-record 'Ttiay- Be'-irdtrieved 
.using its' field identification. 


j . 


f- -r. 

'■s’ I' o- 




.-r 


2.3 Preparation of thematic maps based on satellite imagery 

r~-; ' . . 'i--. /. a - 

vr.;. use'^’ pedb-geomdrphology and'-'l'and ohpabili-ty.^maps 

at a scale of 1 ;1.,-000, 000 .were'- prepared' by interpretatidni of-' ima'gery 
from, the coverages of LANDSAT -1 and .LAND SAT - 2 and from documents, 
.maps, and aerial photographs .already available at the Mekong Secre— 
tariat or in the various government offices of the four riparian , 

• ■ ---fs-,’- V • J ... .-1 f , , 1 . • '.»■■>>• I. 

countries. 
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QUai12^ 


The investigation covers' the. low^i'M^.JsQn.g,. basin, an area 

2 

pf^ approximately 630,000 Ion which includes : 

u '''y ■'■, ./ N / 1 i * r i.- . ' - i • 

,- i- f- .all , of the Lao People '-s- Democratic .Republic, .except .for 

the nor^thern .extremity- _pf , the cq^Jjntry.;., ■ ^ i 

■ ■ ^ -"it -Ju ihost bfi)embcfat±c Kampuchea, with the- exception ‘of -the 
'-'Vbuth-swe’stern '^eas draihing'-lnto' 'the Guif of -Thailand;-* 


- the northeast provinces and ^the northern extreme 'of 


’T< I'i ' ‘ •-• , ■ .*;. . - <: , • ■ ■ . ,'V;. '^.•'•5-' 

'Thailand, as well as' a' small portion of the' southeast; 

j? ’./r*- frt- ^ \'i- 

r>'- -y '" -^ekph^ ..del ta, area;. ^d., part., of ,,'the ^sodthern .bigdlands 

(Ban,,M^,,.Thu6t-Pdeikp-K6ntum), ..Qf .-the Sgqialist Repub.lic ,of VietrNam* 

The 'wtiole' lower ’Mekong basin “was covered b^’ 10' 
passes which 55 frames of imagery dede needed* 'Subsequeiitly bVBir*“ 
lapped Coverages of the saiile area were usdd and tke effects 'of 
seasonal- changes .indicated clearly- different types of vegetation 
^cover,-. Unfortunately, numerous frames, were, rendered partly qr .totally 
unusable because of cloud ;cover, espe.cially during the ^ rain^ s.ea^son* 

The working material used corresponded to blac'k ' and 'white 
positive transparencies at the scale of 1:1,000,000 in 'the various 
bands. A few photographic enlargements at a scale of 1:500,000 
. were ;al^o .prepared (primarily for bands 5. and '7^pf .the LAMB SAT-1 
satell jte 1. . as, well-, as. .numerous composite .cqJlour transparencies tat , 
a ,,.s.ca.le- q£ -, 1:1;000 ,000 -obtained by -the, j.^per.imposition .of bands 4 .. 
(yellow)-, 5 .(magerita) , . and. 7 .jCblue) monochromatic^ positive transpa- 
. 7-rencies^at the same .-scale. - .. .... . ■ 

Band 4 images, which have poor contrast j ' were generally "of 
little use by themselves. Band 5 images give better contrasts and 
shh^b'^' ITob th6'''h'tudy of •'the‘*laTid'''ti' -= the'-- vegetation -cover , inter- 

pretation ;Of.bands,.6. and.- 7..imag.es,, gave ..an. idea. of geomorphology, soil 
..hwieii'fcy»-.an4 •'the .hydrographic ^..net^ ^ -• 

i T7. . <?;-.•* v: r.- - r 

The Land Use Map was first prepared on the basxs of data 

supplied’ by the 'LMDsi^-i'saWllite' (1972-1^73 Subsequent IANDSAT-2 
-ifii^ery ■ (1975-1976) proWd o^' b'etter quality and' these werk'tbe 
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images primarily used to prepare the Pedo-geomorphologic Map. The 
Land Capability Map was prepared on the basis of ‘ the^^Pedo-^edmo’rpKb-' / 
logic Map. '■ ‘ " ■ ' ' --j'-Oi 


■fi,. -. oj:-.. 


As^. might be expected, the" quality of' image's irdm''m- area as 
extensive and varied as the Melcorig bVs'in“vaVies ■greatly- "fridm- -One ' 
area to another. Data obtained under the best conditions from some-*’-^' 
regions can. hardly;: be’., extended -^o th^ ^entire area. Ground truth con- 
trols -are required { '.but ;the se have not ..yet .been carried out. There- 
fore, legends given on the maps, have only an average representative 
value as rega^S-^- thel^whd'iel^ba^in.. I' • '■ 


2.4 


Research programme for computer processing of remote sensing 

c .L.'v „ . .'.“T. .-r, r.-'t I-,-;' .. ." . • 

data . ... _ 

:: ..ix ,UU b-T 

Tfi 'cbhdhct'ln^' this stud'y:^ -the -plan .was diyided-in thrreer,’T' 

. ''ii' v'i '-.-'t'- 1 — ' ; 

phases as ; i .v; • --.t . -.i , , j-- 

«■ -:j 4---. 

a) Study computer programme functions of the RECog package"” 
of the Colorado ‘^t ate '■uhiversi^iy. and--'mo-dd;f.y the-- model ^ from. , the. CDC 
6400 version ■'to be'-tompatlble 'to ^an- 1BM''3'70/I'45v -. -Every;; .machine .... _ . 
dependent routine i's "to b’e-' converted to'EORTRANo..-.^ ; ; ~r-;. ; - ■ . -i-j. 

■■ :• ‘ , , .- vrj 

i-'-'JbXv Reformgtr.'input tape of, .the ^LANDSAT-1 and, test the RECOG 
programme’. :> Re-organize, -jits input/^ output,. routines. 

- L«i t V,** { /. *..r - , 

I, ^ 

c) With reference to the informations obtained ■ from the'-'-''^' 
suppl'eraental •study.fjo:^;.. ground truph observation carried out from 

.... M . . . . ; .^jj~ ■ ’ 

August 1975 to August 19/-76 -, the-, compu.ter^ interpretation of the 
LANDSAT-2 computer compatible tapes coincided with the ground ob- 
servation will be conducted, in order to determine the model’s ■ : 
capability as well as accuracy of its classificationc.'”'' ' 


’.’d'f 




3, ^ ■■ .^C&MPLISHMBNTS '•■DDR'IMG --T-KE’ P-ERIOD- TjNDfiR' RSVJtEW, , 


•T'.vTJ' 4, 




3.1 sBreparation -of .land,.use , ^p.edorQeotnorpholoqic and land ' 

" ‘ ci '!o,’ jj-' , 

ycapabi-l'xty . maps- 

The land use map at the" scale of l:l,OOO-j;O0G”'was-^publ±shed ' ; 


/with 


; 
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with descripta^.e J,-egend. in En^glish and in French, (copie’s were 
attached to the March 1977 Quarterly Report) ’ ‘ 


-The preparation of sketches for the pedo— geomorphologic 

'i- ‘ i ‘ * Tr*z*' *r 1, 

and land ^capabili,ty maps was .finished. These two maps are" being 

. ■ ■ ' “i-"' '■ -jO •' • 

printed. . 


• ■ . S;;. , ■, :i' . - f- , 

«■ -. * , 

1 '-i -• ' . ■ • - ■.< -■•1.-. , . .• . , 

Also, a report entitled' "Preparation -of -Theinat±d’'Mapsx.on' 

• ' r ; ')"r . r . • , , , - , • 

the Basis of Satellite "Imagery" 'Was 'puhiished' (Annex -*2) i - fs.-..-. . 

- ■ ' - I >■ . .1 is < -.rn :j J2i-y 

3.2 Research programme for computer .processing, of , remote . , 

sensing data 

• .. .i. .; :• ' : O't." d''*- • ■' 

The RECOG package of the Cdioifadd' State 'UniVers‘ity^n<ra'S - 

modified and installed on an IBM 370/145 computer at the As±'an“-^-- 

Institute- •of ■‘‘•Teehnoi.'ogyV. She 'model- 4-^ .considered' to /pe. ,,a-_ research 

tool for interpretation and classification of LAKDSAT imagery data .. 

recorded on computer compatible tapes, 

‘ Ground* "truth ■obser'vcations were- c^rri.ed out .a;t jthe, J:wp . 
selected s'xfe's •duri-ng*August ''l',975 -tp Au,gust ,.1976, .Since; the LAWDSAT~2 
computer compatlble-tapes‘osrer the .-pbserya-t.ion. areas , are ^unavailable, 
the computer classification of the test areas were not conducted. 
Instead, the classification was 'demonstrated over" the^ •af'eas in-.'the 
vicinity of Bangkok and the ' Gulf o-f Thailand using'’^'lLANDSAT“l' computer, , 
compatible tapes.,., . , 

•:/ 4,x,> . I- g...; ,p. 

yJ, , ,, 1 , , ... 

The final report on "Computer' ■ Proceds-lhg'- of-"‘ Remote Sensing,? ^ . - , 

-d’ I'J /f- , ^ 

Data" completed in March 1977 "is attached’ 'a'S Annex '3'.. dx - 1 . , \- 

- do / ji.". 


. I* 


4, 


CONCLUSION 


:• 


i. 


Determined by their aspect, the main vegetation units of 
the lower Mekong jbasdhLand'^the- land: development , -conditions, have been 
mapped by interpretation of LANDSAT-1 data. By interpretation of 
tlie various ■ shades"o'f ~gfay'^’obVerved---dh"-datWll-tte,..im|i'de'.^i:ifcw^ ! 

possible to map the density of the vegetation coyer, ..'f-'TKe^’study of 
their.iseasonalfe, variations makes it possible to distinguish between 

‘ ’ ’ ' ' J ^ J .. . ’ i' fV - \ , t T- 

'•*" ‘ -.Li-,*. 
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mainly deciduous forests. In the Mekong basin area, these are 
generally related to the density of the vegetation, cover. 

In view of the absence of documentation, the impossibility 
of carrying out ground truth control, and the often poor quality of 
some satellite pictures, it was impossible to give all the precision 
required to the map and to the descriptions of vegetation units in 
some areas. 

A more detailed mapping would certainly required intensive 
as well as extensive ground truth coverages of the loiter Mekong 
basin which were not possible during the preparation of these maps'. 

A modified version of the RECOG model was installed on an 
IBM 370/145 computer. The model is considered to be a research' tool 
for automatic interpretation of LANDSAT imagery. 




? 
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ANNEX 1 


LIST OF LANDSAT-2 IMAGERY 
RECEIVED BY THE MEKONG SECRETARIAT 
_ (March 1975 - June 1977) 



’Annex i 


LIST OF LANDSAT-2 IMAGERY 




:r RECEIVED BY THE MEKONG SECRETARIAT 
fA’i'av t- • . 5. 

•* - March- l-9-7.5—~June...l9-7J*) 




c ' r 

.ID number 


1 ' 2048 - 0 , 2‘152 

2 ! j% 048 - 0 j 2 ‘l 55 

3 . ~ 2 ' 049 - 02'204 

4 '! 2049 -o| 2,211 

5 V’ , 72049-02213 

6 ;atl 49 -d 2 ‘ 220 ‘ 

7 72 P 51 -o! 2’312 

8 - 205 1-021314 

9 5 1 - 0.213 23 

10 ; 2051 -(j 2335 

11 ;.2051-q4341 

12 '-)^-,.. j :'|05 3 - 02:440 

13 ' ', 2053-02442 

14 :' 2053 - 0 Z 445 

15 ‘ 2067-02205 

16 7 ,- ^' 2067-02212 

17 ‘'^ 067-02214 

18 '’ 2069-02325 

19 .i 069 -Cf 2331 

20 . 2070-02392 

21 '-7 '. 2073-02534 

22 ',;'^ 073 -j )2541 

23 ' 2073-02543 

24 X' .., 2075-03044 

25 7 ; ' ' 2075-03051 

26 nv r 2075 -b 3053 

27 ^” 2088 -p 2360 

28 ;'- 2106 -p 2355 

29 ■‘■■ 2108 - 0'2472 

30 ptj ,', 2139 -p '2203 

31 /, 2157 - 0'2203 

32 ■ P -■■; 2162 -p '2491 

33;:^ ..: 2162 rP '^494 

34 p;. i : 2162-;02500 

35 -;'- ;; 2163 -^ 0"2543 

36 ty ; 2 l 63 -: 0‘;2550 

37 ,;.- 2163 -;' 0'2552 

38 ,/ • 2164 - 7 o '2595 

39 ;■ ■ . 2 17 9-0241 4 

40 .• 2192 -;b ;2144 

41 -^. r ' 2192 -;t ^2151 

42 .V ,'' 2210 -;o :2141 

43 p', ■' ’ 22 l 0 -^'b '2143 

44 7 r 221 l 4 .tf 2195 

45 ■■‘ 2211-02201 


,■(' Da;t.e;,} ^acquired -5.. 


K'mqnth-j.’cday , 

year)r..j 


75 

1 

t .'■* 

-'■fb-3’' ■■‘•'11 

75 


c >.0.3>T.0i.3^.2 

75 

■ t.-* 

' '''63 "^ ''^ 1-2 

75 


• ' -0-3 ’■ 

75 

r ' 

03’- '1'2 

75 

S . 


75 

\ c 

■' • -03""' • ^-T4 

75 

■ ? 

■ ■ "'ds-''-- ■'■-14 

75 


'd'3 - ''^“14 

75 

O'*- 

■--■■O'i ' ^ '■-'■-1-4 

75 

1«-'- 


75 


63'-‘'’-''16 

75 

iiir.' 


75 

;o 

; ' '03'~'' '‘30 

75 

[■;* 

'‘‘03 •‘■'*"’30 

75 

4 i 

' "■G3*‘"'‘30 

75 

V'v 

0- . Q4- < -.'Iqi 

75 


^';'04' '-■'■■bl 

75 

■'.0 

-q4'’ - -‘ -^02 

75 

p\' 

..“q4"‘*'77d5 

75 

\ c 

00454 '.OOqs 

75 

.’.I 

f-i'-b4 'D-.-os 

75 


‘■'■-';04-“’''-07 

75 


"'■/"S'i' ^""'07 ' 

75 

.■•'.V' , 

• 04"'--''’ 07 

75 

C ' 

'■•"'b'4r- '’''20 

75 

^ v' 

0'5‘''-^--'08 

75 


■‘ 9 - 'q5-s 

75 


..-.<_gq-”jD-'l0 

75 

r * 
\ .* 

'06 28 

75 

ro 

'{■*-'''or-’-^"'-‘b3 

75 


: . : -Q!j- ’Q3 

75 


• ^ 0-7 '03 

75 

y‘c 

p-7'''-'’'-b4 
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INTRODUCTION 


The Mekong Committee has participated in the experimental 
programme for investigating land resources by satellite (NASA, 

LANDSAT I and II) since the Inception of the programme. This report 
is a summary of results of Interpretation work carried out by the 
Secretariat of the Committee in cooperation with the national government 
offices concethed in the four riparian countries and with the assistance 
of the French government. 



THEMATIC MAPS BASED ON SATELLITE IMAGERY 


? . ♦ 

, • . r > /•». •<■ £. » - ' T. ' ** '* j’* 

^ i 5 . 1 f 7 •<» 5 V * ' 

-'Zvj.. •*’t3~-- ECxtjr.po'se~ '• J — 

' -. r <•••-.■' r»f ■?'; f; f ■•ri'Tr c' L - 

'-.-n . -T O' /-.T ‘ ' .'i ' ’■'.•■ ■ ■- 

The main themes of the maps are:, , , . -- r 

. r-. . - -ti-- ‘.-'o -f-.' 

jO j- .‘.- r* 'Cl r' J* * 

1.' jTi ‘ ;-,’■■! ■ ;-n: V.' •.''•ii 

j._ . r ;.,..P®^o-rgepraorijhology,. p : ' f '-’ '' ■-•jO' . 

— Land Capability ,r- 1 i uj:' 


■ , ^ ^^j.,The , maps.. are ,prepa:;ed. by inteijpjjetatiqn-. of ■ .data' supplied by 
the. LANDS^T . I ( also ^.called -ERTS.tI}, and f LA-NDSAT?.II . satellites roni 
docvmientsj .maps, apd aerial ..photo.graphs ^.already zayaalabl'e- -at 
S$cretaria,t jar in .the ..^va^-iq,us. .gqyerm o'ffices ,'gf 'the "-fdu'f Mekd'n'g 
riparian states, 


'IT.,- :>xCoyeraqe -'O’' ■■ 

** ‘'T. -fv ft 

* , J- ->■ r, ‘ ‘ 7*..-^ ,V ^ ^ * 

ti'*' ^ J'j; ' JL-'5 i 

' ■ The study covers the lower Mekong basin, an area of over 


600,000 ,sq« km. which jincludes; . : ~r‘ ' . 

- ‘r,.'’ •■■> j'- A ' i''-' 

\y ^hk=;loA-l-.’-i-al-l''bf'Othe-Lao- People-’ s- Democratic Republic, 'though no' 


t • 


■ shtellitei data ■ are -aVa’il-abie- from the ' riof tWrn' extrWxty of 'the' 7ounti^ 




- '“mbst'd'f Democra'tfc Kampuchea with the exception of ..the., soi^th- 


western' areas draining into the Gulf of Thailand; 


0 = &-I 1 ' the' horthea'st 'prdvi-nces and the’ northern extreme of Thailand, 

• “ I-.-# -j ,*>■ " ■^7, < 

■ as?weli,'<as. a-ism'a'l'l'-'pdr'tion-'of the southeastj ‘ '■ ■ 



Each frame of satellite imagery corresponds to an area of 180 x 
180 km, the whole Mekong basin being covered by 36 frames. The same area 
is covered every 18 days In four wave bands of the MSS multispectral 
scanner: MSS 4: 0,5 to 0,6 (.^ 5 MSS 5; 0,6 to 0,76(5 MSS 6s 0,7 to 

0 , 8 L {5 MSS 7: 0,8 to 1,1L^. 
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The working material used corresponded to black and white 
positive transparencies at the scale of 1:1,000^000 in the various 
bands. A few photographic enlargements at a scale of. 1; 500,0*0 were> 
also prepared (primarily for bands 5 and 7 of the LANDSAT I. satellite) 
as well as numerous composite colour transparencies at a scale of 
1:1,000,000 obtained by the superimposition of bands 4 (yellow), 5 
(magenta) , and 7 (blue) monochromatic positive transparencies at the 
same scale. 

.. ■, Band 4 Images j - which ha-ve poor contrast, are generally of 
little use by themselves. Band 5 images give better contrasts and 
shades for the study of the- vegetation cover. Interpretation of band 
6 and • 7 images .can give an idea' of geomorphology, soil humidity,' and 
the hydrographic network. 

Unfortunately, numerous frames are rendered partly or totally 
unuseable because »£ cloud cover, especially during -t^e rainy season. 

The Land Use Map was first prepared on the basis of data' ■ 
supplied by the LAWDSAT I satellite (1972-1973). Subsequent LANDSAT II 

. .. T I ■ ^ r * 

imagery (1975-1976) proved of better quality and these were the Images 
primarily used to prepare the Pedo-geomorphologic Map. The Land 
Capability Map was prepared ‘on the basis of the Pedo-geomorphologic Map. 

As might be expected, the quality of images from an area as 
extensive and varied as the Mekqng basin varies greatly from «ne area 
to another. Data obtained xmder -the best conditions from some regions 
can' hardly be extended to the entire area. Ground truth, controls are 
required, but these have not yet been carried »ut. Therefore, legends 
given on the maps have only an average representative jyalue as regards 
the whole basin. 
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Map Scale 


The original plan" o'f' ’operations "provided for a working scale 
of '.l.s.S.OOjOGOj.'but'.'ih view- o£ ■unsolved'lncertairit'iTes ' and control 
■-.diffigti^ie's' it- Wa's'- found that -the !:l^odo,'o66''sc;al'e 'was 'more "appropriateo 

, . , . , . ,r ; - • ■ -■ ■ -i-Vr J&v- ft- . . 

The.rresu-lts of the study haVe‘ been plotted- 'oh a l:lj000,000 topographxc 
baae jmap..obt'aine'd‘’-by 'reducti'dn of i :-5db'-, 000 ' typographic map's* "(Tactical 
P.Motage’ -C!hart^'-„. - • 
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A. LAND USE MAP 


I. Interpretation of satellite imagery 

. Land Use -Map. is ;besed- on an interpretation of' •images. 

provided by bands ,5. _and 7 of the LANDSA-I- 1 satellite, Sdnce.' chlorophyll 
.c-r i • • ■■ 

is characterized by a v,ery high absorption sd: rO.o-GA-jj', .the darfe shades 
appearing, on band 5 transparencie.s correspond to the .density, -and the 
nature of the vegetation cover. In view of their perio.dicity, -available 
images can be used to study how the vegetational cover changes -from one 
season to the other, differentiating clearly between evergreen and 
deciduous forest types. Band 7 has been used to differentiate vegeta~ 
tional groups usually associated with hydromorphic soils. 

As for as land use is concerned, the best results are given 
by interpretation of images corresponding to the dry season, i.e. , 
from January to March, The months of February and March give the best 
results since deciduous forest types during this period have the 
highest percentage of species which have shed their leaves, making the 
contrast between deciduous and evergreen types more evident. For the 
same reason, differentiation between natural evergreen and deciduous 
forests on the one hand and between cleared and cultivated zones on 
the other is at its best in the dry season. The study of the vegeta- 
tion cover in the dry season is also facilitated by the clearness of 
the pictures due to the absence of clouds, the abundance of which 
during the rainy season is a major obstacle. 

Moreover, the variety of shades observed on dry season images 
is much wider than during the rainy season when the luxuriance of the 
vegetation reaches such a stage that the various vegetational units 
take a \miform green pattern, appearing as very similar shades on the 
Images (dark on black and white transparencies and red on cojou.' 
composite transparencies) and preventing a proper interpretation of 
the vegetation cover. 




/The study 
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Ihe study Of a map 

of rth6..'we^tation •- ort-^hX4ssenti-a? ly ■pHyslonomfc 

. , fundamshtal research work of. J. ^Vidal /La vegetati.Qn -.du. 

Laos, 19'60')-, il» Schmid tvegatatlon'duViit-N^", 1974).^' '^d" P 
and,-,P., Blasco CNotice de la carte du tapis vegetation du qibodge,^ 19 ^ . 

Pf :t^e.Hnists..was;,compl-eted:-by/vgrGun^^^^ 
carr^d^o^_i^^g^^5^,_p^t of ^ the. basi;j. ■■Ai) -.r's,,;?- 


'■t“ ■ Ly : I dn. .': 

Lilt. . .Ground control 

jii-. 1 .ij . ■■■". .■' • ' 


j 


jy^-' .. .. r •1. V 

' :- . - '• .Vi: ,- f-y 


>■; 


-Ground.:c<^trolrb^-yafific^n-was--cairiid' out'rfiaihiy- 

•.. basis, .pf .a.eri^jpil\otographs-and maps’^ madd ivaiilbie bf -'tke' SatiohSi'' '■'•* ■ 
o^i^es^«oncerpedid:n.ther^^ ^ Tho^^thiriiiflb^atlon 

:was:ioften-^rdther:old {1954 te..l 960 ^- 

xt possible to update vegetational units in a generally precise -knnebl 
The early maps and aerial photographs were also used to prepare the 
maps of areas for which oniy^^gopr'.jcp^al.ity^ 

-especially:; f oj? thsJrprovince of 

Loei in fQr,_t^ie, areas, located, west,.-of. the-M^.orig: between 

Luang Prabang and Pakiay._in Lao P.DR. .- ' .. . ' 


*3* 

i i*‘ • ■‘ipf \ * t'< ’ » *»' j / -V , 4 ' Z‘ ^ . ' $ K* • *” ; t " ' • * '*• .*1 ^*^‘*'* ;’»Vr' • 

absence of any doc^mienWi^^^^ 

observations^ made itr4-fS-Cult’^tp 
a'dentify-arid'-de^^^^^^^ Vegetit’idnal formations,^ as ' . 

of LabyPDR-’ and --€h4 Vreas located' Worth-east ‘o'f Thakhek. 

■•-».;■ ,'- 'I- t, '^2..'-y-y -■ . - .:•; ■ . '■ it'...*',',':’ ' -’ v J 

•yo..Gr.ound,_.tru.th.:controls- were'ea±ried'-6ut'ih^^ horth-east'ei-h' ''■' ' 

provinces of Thailand but they were rather limited. 


£v .'- ■ ^’^-.Vegfetafeion units 


: ! ./'• 
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4.1 Dense -and mainly evergreen foirests 

ii. .i,---' ..-rJ- ! -I"' ■' - 

EVergreen. £ores,t is domposed of l.eafy..'toees -with ..-drowns ^that 

form a continuous canopy aboVe the groxiiid. The forests are composed 

of fully evergreeri ,sjl:ands -or o:^ 'everpreen- -s tan ds.- 

deciduous stands whi<ii, as a whole,, retain their, evergreen .characteristics 

'sin'ce oH the "dhe 'hand the period when trees ar^ without leaves,^ ia-. short 

and ‘oh’ 'the -other hand,’ the deciduous' species shed their .leaves at..,. , 

' •' - ■ ■ ’ • o •• T'-' <;■■■■ • 

different perrods. ‘ i 

t- ; 

, . ^ t .1 -1 ' ''v. ’C'l 

‘i. ' .:';'These 'un±.ts'.'corresporid"’to' -the darkest shades given by band 5 

. : . > r .'is 

images (water excepted) and which- appear with- practically" the sam’e 

intensity over the whole time series of images . The slight variations 

which appear in some places seem to result elther-^f-rbm a -different 

floris tic, composition, .fr»m. a, -Ipwj; natural density-iof ther:,vegetation 

cover, _or ,£ro;n.. the beginning of forest degradation.-;- They -can also ^result 

from differences, in ill'raaijaatisonrcondi-yiotj.s-'duerrto'i-tiiiie-'jor. 'tapogfaph^.' 

These, varia-^ons, ha-^e, tpo... limited areas and too .uncertain' bcirders td-'be 

... - v - - -'!■ '-J' " ^ 


4o2, Mainly evergreen -fo'rest's,'.- .degraded .-.- V* ■■ 

Vc '■ .Many. -eve'r’'gj;^een' -''forests' "in-" the' basin"’'are more 'or less 'seriously 

degr.ad'edi by.cu'ttirig- 6 r by receril:- or ol'd' clearings which ' replace the 

forest with temporary' *r permanent ra'lnfe'd" crops. Depending oh th'e 

cropping 'system in' -«se and its intensity, variegated-.seqondary formations 
; . jf . ■ . r.-.'-iv’- ‘ ■- •; ' ' ' ' ' , ' " " 

(grasses, bamboos, shrubs, and secondary tree formations ). occupy more> ■ 

or less' extensive areas. Their density typically depends on. thexr.,,stage 

of' 'develbpih^t. The presence of evergreen species and. Jdie„ .gradation 

in the leaf -drop of deciduous species give -hhese secondary formations 

an e-vergreen.-aspect-. which/.ls' m.qre .7 evident during,- the : rainy ‘season. 

The representation of this -yegetational unit on band 5 transpar- 
encies is characterized -by a very large gamut of -gray shad^. going from 
light to dark. These shades correspond to the various phases of forest 
degradation, the various degrees of evolution of secondary formations. 


/and 
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ictii'fclWtW Vreas, The iighter shades of gray ^ 
correspond'''' to ■'iTitefifeivelY cleared and cultivated areas,. The^darker.^ 
shades represent cleared areas where a more or less dense tree cover 


or important secondary formations still remain. 




On satellite pictures* these units are. not- -always, je'asily 
distinguished from -the undegraded, dense.,and ^mainly .eYeEgreen’'j£ore'sts'< 
'"The 'distinction is all the more difficult when, degradat-ion'-istil-esst -- 



’■■previous one, their disfeinctio^n often, iny.olyes .a^, Ijtrget part 5 jX>f;raubj.ective 
eVaiu'a£i6n 


4,3 .... No.te on.. the,-, semi-dense, forest or "mlxed--deciduo"us 'forest 

. •* » - ? . ■ ■ I « ■ !■ « ■>« ■ - I.■ H— ■ I ■ ■ ■ ■! I ■■ IP I I II 

‘ ^ r- ' ' f ‘ 

, • vegeta'tidh ma^i* of ‘tfib"' Mekong basin distinguish, an. important 

'-■.y.egehation-^lmit view d'f ' its aspect and 'floristic charac-teris- 

t.ics, 'j'stands' as-’-a 'trShsi'tidnai "type between the dense .evgrgreen,. forest 

andithe open 'deciduous 'fore'st, "'These woddlcTrids are mainly composed, n-. 

of deQiduisuS'.' tr-ees'-s'hdd'dlng'- their ‘■'leaves bve'r'a 'very short period., 

Some 90 per cent of the species lose their leaves and for some 55 per 

cent of these the leafless period is shor.ter,_than. .a -month-=v ,3Jhe monthly 
--i- -.L-:- '-i lb - 

fate of iVaf-drop reaches a maximum in February,. XB5,. -per .cent)-' ^(Ref:. i=) , 

, ■ ‘.15.*' v-O-' ‘r" • '■-> - ' "■' ~ ' 

on 'd'ry season images, this type of ..forest,-, corr.esponds -in :generaiuto> ~ 
,-■•■- ■- • ■'■ ■• ’ ^ ‘ • • ■■■■■■ ■■ ■ 

'd'ark sHades, most of the time rather similar., .to -the gray! shades- ;given-‘-'- 

by degraded dense forests. It is. only during. , a, short period -.in/Eebtuafy 

when most of the species are leafless .that. the. shades, tend: t/3='merg;s'wi-th 

the lighter shades of the open deciduous forest. Because of the dense-' 

and generally thick undergrowth, shades however tend to remain darker. 

These changes in shades are often difficult to differentiate, ..^requiring 

a study of the whole,l.tline sen-ies- -and- -satei-l-itfe' ‘images of good quality, 

Th^,s type .qf;^forest i-s all ‘."the more --diffiGdlt* t’d-^catedor±ze 'tlirough an 

interpretation- of .satel;l-i;te;,,ima.qe‘s. 5 t 'it can, 'aeco'fd'ing "to -regions and " 

for physionoralc reasons, look very similar -either 'to' diende-'dnd- mainly ■ 

evergreen forests or to open deciduous forests. While a distinction 

may be made in a few areas, it cannot be extended to the whole basin, 

/In view 
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In view of Its ;physio 9 mic character! stipes, -this vegetation 
unit can* corre's'p«»nd to -tarious stages of degradation and cannot i-n. 
gefierai’ be'- differentiated from units 1 or 2o - ,■ ^ ‘ 

4, 4 Open -and mainiy deciduous, f orest 


•. -'Forests 'corresponding'' to this^uhit are c'naracterized by trees 
with .crowns’" rarely', touching -’and' an herbaceous ’ ground cover with .reduced 


or non-i axis tent 'brush wobdo A's 'a'" wHble,' this formation can compare 

. ■ ^ 1 .n " 

wi-th ;iow, '■densitY''-’fbfest although ‘deans e 'stands are fo.und in' some /pi ac, as, . 
It jcan .appear' a's-'h "dWarf ‘forest"’' or 'as a *tali-'tree forest. During the 
.;dry''seas'o'n/s it-' is often -subjected to brush-fires which burn the grass 


cover. 


, Some .,85. per. cent, of -these forests- are comprlsed.-of deciduous 
species, ' a' large number of which lose their leaves over a, long period 
(the^peri'od without leaves-, for 70 per., cent -of ,, these ji;s above one month). 
The highest percentage of leafless spe.cies ,is.;reached_;in , February .(=.85 ' 
per-cent) (ref, 1), Since most of these species , belong -to .-the famll-y- 
Dipt’efocarpaceae, this unit is generally .known- as Dry . Dipter<icarp . 
forest, ^ ^ 

„ ;t<. " -ilh v-ldw' of its physiohbmxc' characteristics j this type o.f forest 

c,an-.easily be identified on dry seaso’n "pictures, * During this 'period',, 

... ^ - - - : , ■ ‘.c * -'.i “ . 

it corresponds ‘1-h -g^eral to the li'gh’t gray shades' of band 5, in. marked 

contr'ast: .with the"idarkbf ‘ hhad'e's 'bf 'dens'e and evergreen forests.. The 

y_ari,o.us rshades -of -grey- correspond In general to' differences in density 

’pf the;* -tree' cover,-’ ■ Areas ‘burnt by fife are represented by very dark . 

patches. :■ ' * - ' ' . - • - “ 


-I- .- -■'•r- 


^‘.5 ‘ Open and' mainly deciduous forest, degraded 


. .."^his .ur^t corresponds. -t.o ...areas having -a sufficiently' important 

tree, cover to give .a yisible .and mapp able 'imprint- on ‘satel‘i’i€e 'pictures, 
even_.when fnlly .occupied , by crop.s,, ! 


j ' J.'. 


/All 



. .I-.!-. A-Xlf s-fcaaes'^of" cleari'ng--aii<i -agr-ictiltural 'takeover can appear 

in-openi:for.estsi' ' Jhe'se -'correspond- to-tlie variovrs^ Shades" of gray, 
hecgm4ng«-l±rght.er ,as, the tree cover "-'i-s in'crea'singly^de'g'taded ‘and’ crops 
occupy a larger ;area» -It is sofnet-irae's ‘difficult to 'determine "the' "’ 
extent of the degradation in this type of open forest and the delimita- 
tion ' of th’is ' dr e'a' involve s' 'a large part of subjective evaluation. ^ 


4,6 


Savanna and well-drained .shirublands. 


The vegetation in this unit is composed either of grassy 
formations, scattered shrubs, or a mixture of these , t^.o -formations,,.. 
Tall or dwarf tree formations are scattered or non-existent. This 
unit:%orrh‘spbti'ds'' in 'general' to the' lightest shades of grey in band 5. 
Thd"‘'exteht -‘of 'cul'tiva't-ed'' area’s cannot' be determined since^ they too 

^ * * ' “r r » J.’ * *.''** ’’ *j***^*li* *» ' * 

'J-'h"a'^e^ "a ‘strong radiance'', 

. ^ :• -I- ^ ' -* •“ 

4,7 VJoody and shrubby vegetation (Thakhek limestone airea- )'^'^ 

The Thakhek calcareaous limestone area constitutes a remark- 
:n"abl-e-uh'i-t- where'” -the 'folTov;ing' two formations ‘ are found": on rocks, a 
cra'gg-y'b'ush vegetatioh which" loses'^' most 'of "its ‘ leaves” ‘during the dry 

. - ... ,-t 

sea'sdhi and-oh limestone scre'es v;hieh have built up at the foot of 

1 • ' »„• ,-•,»* I* 7 V • ‘ ^ \ " ’ r ' » * I 

tbe dense foresto"* -Dark' :sHa'des' bf grey^'vjhicli" characterize 

:• this ''region 'are'- attrdibuted-to‘ outcropping ‘lime stones ‘on 'which ve'geta- 
ltion"is'' very poor- ‘or''-ndri-existei.t.' ’' . 


! ■ . 


4,8 




. . Open„mQsaic veastation.. - ■..'vMh'.i.i ‘.yd , 

■ H il t, *— W imi m . , , -i 

This unit groups a number of. •heterogeneous -vegetationff ofma- 

tions which can hardly be distinguished from each other since they 

give closely similar radiances on sa-telM-te picturejs-,.v The y -c or res-' ■ 

pond to a mosaic of open, evergreen or deciduous fores.ts (generally 

very dGgfad&")'p coniferous woodlands, bamboo forests, secondary f.or- 

V '■■.y-'l- V ru' ,■• ■ . ,-:r,v i.v 

'n _ 1.’'^ ^ / T'j-. * ‘ 1 . _ _r_ J 


'matidhs'," or more dir less woody savanna and croplands « 








/These 
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These formations have been mapped- mainly in the mountainous 
regions of .northern Laoso Their description is difficult, since no' 
gro\ond truth control could be carried out with the exception of a 
very few limited areasrfor which '-photographs are available. 

On dry season Images (band 5}, this unit corresponds in 
general to a dark grey to light grey background with very similar 
radiances and very uncertain limits..' ' ’ " ' 

4o9 Croplands ' ' 

Under this unit are mapped regions characterized by a high 
percentage of crstltivated areas and by the paucity of woody or bushy,, 
cover. It includes rainfed and irrigated croplands as well as orchards. 
Secondary formations (br«sh, grasses) can be rather important, especially 
in the uplands. ’ . . • ' ■ 

On dry seas«>n images, harvested ricefields have a high, radiance 
which is all the more apparent because the soils are dry. -In band. 5- 
these generally correspond to very light grey shades.: Rainfed crops 
which are usually closely interspersed with fallow lands occupied by 
secondary formations give grey- shades which depend upon the vegetative 
condition of crops and the density of secondary formations, . Harvested 
ricefields and-'rainfed crops can be differentiated on some good quality 
pictures, but LANDSAT I pictures are not good enough to- -extend this 
distinction to the entire basin, 

4,10 barge rubber plantations • 

A small percentage of cultivated lands is coverred by tree 
planta-fcions, of which rubber plantations are the most important in the 
Mekong basin. Various other tree plantations exist in the basin, but 
these could not be seen since they are of a limited extent and their 
characteristics are very similar to those of the surrounding areas. 




/4.11 
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4 o 11 Woody veqeta-tion and seasonally, .-f.looded-. areaaf 


: i . ■ .-.r cqrra s ponding -to, ;th-i-s^.una't ar.e:. "typical of 

hydr.omorphi-c soils which, sseasonall-y- are partially br ^totally ‘'Coverfed- 


by , laye^- .of, fresh, water of varying. dep]:-ho:. :.These'„-torres.pbhd'-tb ■ - - 

moderate. , or poor., woodland .forming low thickets j>?ith' n,earlYhfoUChdng'- 


crowns i.n, some, .places..,. B.e,cajjse. of. exces.sive;-lumber±ng., .this.:unl<t’ "!■' 
nowadays is in most cases represented only by bushes". These formations 


ar.ehpa'rbi.cularlY~'well- repre’sen'ted- in-^ Kampuchea"' a"h'd"' in sohie depressions 

•* f <. .> >#1 - . r* 4* 5j'*> 

along- thewHek’ongr' -'n:.,.'' .-"-i ' ■■ ■" - . 

ij h' -.-'w 5-i • I- 

' In' band 5 "pictures, these forests give in general .yery. dark 

.j-r ^ i''"' •■u. .-.I' "("j j ■ v;. ■ •t-' "-f-'i- 

'* shades. They' rep'r'e'sehV the vegetational cover 'fau"t also, to a -Iprge 

o ji" ■•'d c't - -" ---tj t V-: 

ex'teh"t:, ’the 'v^y significant hydromorphy of the soils. , . , 


4.12 Grassy vegetation and shrubs of hydromorphis areas 

In poorly drained areas, 'in svjampy depressions, .and on hydro- 
■ .. ‘ ' "n.": ' "■ •• 

mo'r'phic- Soil's in" general, v/hether ""these are permanently flooded o.r nqt, 

f.. '.'i 

thdre'''appears''"a grassy vegetation wi'th shrubs which could result from 

. ; . ■ • ■ 'i ? "<' -• ' ‘ • ■ 

'■ "the degradation of flooded forests ^-c 4--^^ 4-h^ 


Because of the absence or the 

, *l * I J . 


' ‘paucfty'of a v>6ody '"sifrataj and of a less extensive hydromorphy, the 

Ygrey-’^sh'ade's in the'sa'teriite images are lighter than those cprr^espond- 
^V 4 . t'Xv ■ -4 1 .--X' > ■ ■■ '' '*'■ ^ 

•" mg 'to the previous unit. 


>r 


'-'-'llan'grbve ‘ ' -■ ■ ■ • *- • 

. r ■ : '-;u 

The most extensive mangrove areas appear along the Mekong 
delta coast. They are composed of a rich vegetational formation-, which 
is specific to permanently water-logged soils subjected to tidal Inun- 
dation i The' tree" "species "( 'Rhizophor'a and Avicenhia ) are highly ^ 

■ spec'i'a:lized''’fO'i: life' l^n’ sal""t‘-wat'e'r' ateas. "In' view □£ the particular 
ebh'dition’s'’ under which they" grow, tlVe's'e forests are easy to map, 
forming very- dark' shadeS" of'" gray. ' ' Defoliation stripes uncovering 

*» .•» r J ‘ .,r»* •—*.<* ' “•*** 

water-lbgg'ed^ soil's- appear ■■’ih'^lack colour'. " 




'■>> 
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4.14 Fresh- A'/afcer mangrove • • 

. This formation is specific to more or less water-logged soils 
with .a generally high' organic content and high acidity. It is sheltered 
front the highest tides and the replacement of water is a i slow •‘process. 
The vegetative- cover is usually composed of very open evergreen shrubs 
or Xo-W trees., with a high percentage of Melaleuca le-ucadendro'ii . 

On satellite pictures, this formation is not clearly distin- 
guished from mangrove or inundated forests. Considering theiic extent 
and the specific ecological conditions tinder which they grow, we decided 
to plot them bn the map by comparing the LAWDSAT data with t hos e of _the 
vegetation map of Viet-Nam published in 1969 by . the palat Geographic 
Service, 

4.15 Vegetattoh and altitude 

Altitude brings about changes in the structure and especially 
in the floristic composition of the vegetation cover. In Viet-Nam, 

M,' Schmid (Ref, 2) considers that montane vegetation definitely sets, in 
at an elevation of 1,200 meters. In Laos, J. Vidal (Ref, 1) feels that 
the montane strata starts at 1,000 meters. Since .they are essentially 
of a floristic nature, the variations caused by al-titude are not visible 
on satellite pictures, but in order to give an approximate idea of the 
montane sector, the 3,000 foot (about 915 metres) contour line has been 
drawn on the map, 

CONCbUSI-ON 

Determined by their aspect, the main vegetation units of the 
lower Mekong basin and the land development conditions have. been mapped 
by interpretation of LANDSAT-1 data. By interpretation of the various 
shades of gray observed on satellite images, it was possible to map 
the density of ■the vegetation cover. The study of their seasonal 
variations makes it possible to distinguish between mainly evergreen 
and mainly deciduous forests. In the Mekong basin area, these are 
generally related to the density of the vegetation cover. 


J7 
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Man's Intervention, through the changes it brings to the 
vegetation cover, is visible on satellite images, though the vario'ns 
phases of this activity are sometimes difficult to make out and can 
thus be' a source of confusion in the mapping of vegetational units* 

•/ ' ' in view of th'e abserice-of documentation,' the impossibility . 

of carrying out ground -truth’ control',' and the often poor quality of' 
some satellite pictures', it -was impossible to give all the precision 
required to the map and to the descriptions of vegetation units in 
some areas* 

Considering the extent and the diversity of the lower Mekong 
basin, we bo not claim' .that the best possible use has been ihabe of 
availabXe 'satellite pictures, but a more precise and more detailed 
study would require more intensive ground truth control ^which was not 
possible when these maps were pireparedo 

"VI* ■ Annex; P-ynamics of vegetation succession 

The. note s an d drawings presented in this annex were communicated 

' P • ' ■ . 

by J. Boulbet (Ecole Frangaise d, '.Extreme Orient)* These notes constitute 
an excellent guideline for the understanding- of the vegetation-. • , 
cover, and we thank Mr* Boulhet tor sharing his long experience in the 
Mekong countries with us* ■ ■ 

6 = 1 ■ ‘ Regressive evolution' 

Degrada.tibh. through regular or ■ tradltibrial clearifiq 

The following schematic drawing's illustrate the stages in 

vegetation succes'sioh through whicfr the vegetation evolves from mature 

climax forest to'various forms of degraded vegetation* 

» ' ' ■ .1 ■■ 


2 y 





io Medium evergreen 2 , Forest fallow lands ._3o. Mixed pole stage 

dense stands appearing evolve from thicket to forest (semi-dense, 

on hills or medium secondary dense ever- , semi-deciduous intru- 

elevationso Heights 25- green forests Height sions) « Height = 

35 m ' ■ = 1—25 m. Bamboo forestt 1-20 m 

Height 1-15 m ' 



lo sub-dry deciduous"..,. 2o- Vrich" , open, forest 
forest with mixed in- with mixed intrusions 
trusions {.semi-dense and dense galleries-o 

and semi-deciduous) Height = 15-25 m, 

with dense galleries. 

Height = 15-30 m. 


3,0 ’’.poor",, open. - 
forest with 
graminaceous 
undergrowth . 
Height = 10-15 m. 


4„ Scanty 
savannah, frag- 
mented with 
here and there 
a varying 
number of trees 
(special pedo- 
edaphic 
conditions) . 
Height^ 1-10 m. 


- 3 ? 




15 


6olo2 


De'qra'da'trdry^y annual” bur'rii'nq (fire- climax) 


V 


\ 

/ 




1 ! f 

a* 

-UL 

■L 





1 



■JT. JT 


1. Sub-dry deciduous 
forest with mixed 
int rus ions Csemi- 
dense and semi- 
deciduous v;ith dense 
gallerieso Height = 
15-30 mo 


2o "Rich" open” 
forest with mixed 
intrusions and 
dense galleries « 
Height = 15-25 irio 


3o "Poor" open 
forest v/ith 
graminaceous ■ 
vmdergrowth; 
Height = 10-15 


I II I !l i II I 




j ! 




lo more or less dense pole 
stage forest (with very 
localized climates ; edge 
or transition, vegetation) 
Height = 2-10 . ■ , 


2o Low pole wood, 
open and 'mixed with 
savannah* Height = 
1-5 m* ■ • , ' 


-f 

4- 

4o Scanty savannah, 
fragmented with here 
and there a varying 
mamber of trees 
m» (special pedo-edaphic 
. .conditions). Height 

. ;• -j.- 1-10 m* 


3, Savannah with 
thickets and shrub, 
shrubby step or dotted 
wi fch '.■shrubby trees, 
Hfeight = 1-5'- m 
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Sol»3 Degradation through clearing and annual burnings 


1 

1. anthropic shrubby 
savamah 


.. -V V-V iM-|. 

1 - 

' 1. open pole v;ood, open 

‘ ' xerophilous bamboo 
forest 


2 

I homogeneous savannah 
i 

with Imp er at a 


> » • 

t 4 r • \f 

z 

2. dlscontlnous savannah 
with various Graminaceal and 
■a varying nvunber of scattered 
trees; intrusions: bamboo 
growths and open pole wood 


6»2 Progressive evolution 


nvmi 


O 




>0 




1., dense thicket (foxnnerly cleared and cultivated land now abandoned) 
to .all secondary dense patterns = Height = 1-35 m. 


X 



2o from savanna with trees to open "rich" mosaic forest + deciduous 
serai-dense forest. 
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3o . .from bamboo fqp.es t - pole, forest to mixed fojrest or the mosaic- bamboo 
. forest mixed .forest -+ semi-declduous fore'st with Lagers troeml a » 



4c 


from savannah with Imp er at a to shrp.bby- savannah: with. Eupg.torlum to 
braJce and secondary forest brake Cdense low or mediian height secondary 
forest) » Height 1--25 m* 


6c 3 Definitions 


lo Dense and mainly evergreen forests Cor with an evergreen tendency) 


. 0 , 00 ' 


Tall 3-layered stands of forest vegetation with an inter-layer 
of creepers and epiphytes^ According to bio-geographic conditions, the 
top layer is more or less important, reaching 40, 45 or 50 m but seldom 
morec This is an irregular layer characterized by emergent dipterocarps 
(various Dipterocarpus , mainly alatus , plus Shorea , Anisoptera and. . 

Hopi'ea ) , 'S'terculiaceae (especially Herr ti era javanica ), and giant Meliaceae 
on basalt' soils "(red soils) » Other species are not typical of jbhis 
formation ( Irvingia, Picus , large leguminous plants o c « o „ In contrast 
to the 'emergent layer, the main layer is contimlous' v;ith touching crowns. 
It i-s -mainly '-composed of the families Guttiferae, Sapindaceae, Meli.ac;eae, 
Apocynaceae, Stercullaceae, Moraceae, Lauraceae, and Myrtaceae, 


/Intmsions 
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Intrusions of semi-declduous species are linked to very limited 
modifications in the bio-geographical environment (general topographic, 
edaphic and pedologic conditions).. These intrusions are characterized 
by the abundance of some leguminous plants, by the appearance of 
Lagers troeraiae and Tetramelas , the famous tree with huge buttresses.. 
These intrusions are much too localized to modify the overall aspect 
of' the tdirest which, as a whole and from a descriptive angle, can 
reasonably be considered as mainly evergreeno 

2« Dense evergreen forest of the, hills 

This forest is composed of more homogenous but lov/er stands 
than the .previous type and is composed _ of .less, stout trees (except on 
a ’few shelves or cultivated valleys) o The layers are the same as those 
of the previous type but are not as well separated'q' With elevation, 
the large dipterocarps become scarcer and finally disappear while 
Lauraceae, Pagaceae, and Magnolaeeae take a more important place. 



3, Dense semi-deciduous forest 




a) ' Hygrophilous pattern: these ore forests with a high.- layer:. of. 

emerging- trees”-.anciroffen mixed lower layers; the “cf eeper "and epiphytous 
inter-layer is ' well --represented:' The upper layer,, somewhat less high 
but more homogenous than in .*nit 1, is mainly composed of Lagers tromiae, 
Tetrameles , Pahudia, Ficus and irvingia . Large "dipterocarps appear, here 
and''there--as' intrusiofis. The sub-stories are evergreen .with /a large 
number of 'creepers, ' ' ’ ’ 


/b) 


Vi 
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•.'I))- . .-^eini-rdense and ‘seml~decid'uous-pS-fefeeriis-’5-~-’tirese^%re homogeneous 

stands of Lager stroemla with scattered individuals of<the species listed 
in pattern 3a (plus Ceiba ) o The undergrov;th is, comprised;--o£ pole trees 
through, which sunlight can pass; the trees are of average; .hei-glit and 
the shrubs rise with clearly separated stems generally without tangling 
or overlapping stories which do not create horizontal layers... Creepers 
and vines may here and there be clearly represented and sometimes attain 
very large size. 

4. Sub-dry deciduous forest or "rich” open forest 



The' trees of the standard ’ south-Xndochina open forest are mixed 
species which- ado.pt very easily to the environment;- -. Xylia , Dipt o 
intricatus , D» obtisufolius, Ceiba , Entada creeper, Terminalia , and 
sometimes Ficus and Irvinqia , The undergrowtdi is either .herbaceous or 
composed of lov; pole trees with Cratozylon, Here and there appear 
stands of Corypha palm trees ^ 

5o Open foresf'of ' savanna with' trees' 


ttttt 

This is th'e ' sbiTtH-Indochina open forest with. Shores, obtusa, 
Pentacme siamensis , Dipterocarpus tub efcul a tl s and Terminalia tomentosa 
v?ith a graminaceous undergrowtho 


/ 6 . 
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6, Clearings, savannah, prairies or -prairie-steppes (discontinuous 

savanna ) - ^ , 

• ' * * * 

These are climatic herbaceous clearings similar to those found 
in virgin unaccessible or unhabitated forests, marked here and there 
by clea'rings in places where bio-geographic conditions prevent the 
establishment of a forest cover » Patches, galleries or narrov; transitional 
formations at the edges constitute low pole stands or bushy formations 
with Myrtaceae and Melastomaceae,, 

7o Anthropic formations ' " 

These are formations which have been largely determined by 
hoiinan activitiesj they include; 

- Dense thickets on former cleared and cropped land X'Jhich is now 
abandoned c 

- Thick copies and young, evergreen forest fallow lands. 

- .Secondary young dense evergreen forest with undifferentiated 

!, •, layers o, . . . 

- Stabilized advilt secondary forest with more of less differentiated 
stories;' mainly evergreen and dense. 

- Pole tree growth (Melastomaceae, Myrtaceae, Cratoxylonae) on "land 
formerly cleared and cropped under-.- marginal or too- intensive 
conditions and now abandoned. 

- Anthropic savannah: this is an herbaceous thick and homogenous 
formation that appears on lands that were formerly too intensively 
grubbed, burnt or cleared^ Often Imperata, the main element, 

' is "mixed with Eupatorium shrubs and Leguminaceae to constitute 

■ '.a; '-'rich” savannah, or -with spe'cies of 'the previous pdle'tree 
stands to create a "poor” savannah. 




/Note 
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Mots 

The "mosaic” vegetation stands where various, formations are 
interspersed in patches or fingerlike formations with a complicated 

■ * . ■ ' " 1 • 'Oct' 

design, or are mixed in such a manner that no formation clearly pre- 
dominates, ' are schematically represented by intercalation of _ the , 
symbol of each of the respective formations,, 

* ‘ t. . ‘ 1 ' , * \ * • 

Conclusion ■, 

The separation between mainly evergreen forests and mainly 
deciduous forest’s through interpretation of satellite imagery seems 
to correspond to the separation, between hygrophilous patterns . and, 
semi-dense and semi-deciduous patterns of the dense semi- deciduous 
forests 



/B 
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B. PBDO-GBOMORPHOLOGIC MAP 

’ "The- original plan o£ operation provided for the preparation of 
a^'liydro-geornorphologic map<> Results obtained in this field are , of 
only- 'ilraiVed- use In' view of our insufficient knowledge of the .geglogy 
of cl large part of the basin and of }:he impossibility of carrying out 
ground truth controls^ "Moreover, the use of satellite imagery for a 
study of floods is rather restricted during the rainy season because 
of the very extensive cloud cover, often over veary wide'taje'as;^-™- 

It appeared, however that a pedo-geomorphologic map could very 
easily be made on the basis of satellite data provided it was prepared 
through a close • comparison with, available pedologic documents., .. 

I. Documents used 

The pedo-morphologic map was prepared primarily on the basis 
of 2 hypes of documents. Satellite pictures were used as the basic 
data, while pedologlc maps and sometimes -geological and topographic 
maps were used as reference documents. 

Most of the imagery used was supplied by the LANDSAT-II, 
including black and white positive transparencies corresponding to the 
various bands at the 1:1,000,000 scale and composite coloured transpar- 
encies at the same scale. The most useful images are from the dry 
season, especially during the months of February and March. However, 
the study of all other pictures taken in the course of the year provided 
a wealth of information, especially for the study of seasonal changes 
of humidity in the soils. 

Main pedological reference documents were: 

- the general soil map of the lower Mekong basin 
1:1, 500, #00 (van der Kevie) . 

- the general soil map of Viet-Nam 
1:1,000,000 (F.R. Moormann) 




/the general 
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- the general soil map of Thailand 

1:1,000,000 ,(P,Ra. rMoo-mann -and ..S;; .RoJ'anasodrithonO 

.-.•the‘-'generall-:;soiH map - df 'Cambod-ia 

i ♦ T • ' 

1:1,000,000 (C.Do Crocker) 


- detailed pedologlcal maps /Thailand)^ f 

lilOOj'OOO - prepd'r'e'd £ dr "ife’e various -Thai provinces- 

. „ . r , '. ’ ■ ■ ■■ ■ 

J'/'Vli J '->1- 

Pedologlc units. are. al-so. described- en; the'.baSik' 0f'''the- ’bed-rock 

s.-.'ijO 1 ‘ ^ 

and morphology given, iji:., j. ■ ■■ ‘ ' - 




".nr. : d-<’ 


A V. ' ^ 


r -.?r . V -’the draft-' geoiogxckl map of the lower Mekong .basiii.-v . . 

-f - / •. i ' • T'c’-r ' ;-v A -Cii'i* ’ ' * 

‘ "l.rXy-OOO'yOOO (unedited) tiloj^^cman 

t .■< ■■ the.; '"ca-rite geolfog.i'que.‘-''(3'e--y:ecohh'als'sa’nce "d'e 'I'a Repufelique khmere” 


■' i- 200 j 0.00 fiRGM 


j • • • • 

' . -i ' . A 


' * . - - \ i - ' O':.' f 

-f(' u ^ : ■Vario.us'. topbgraph>ic'-<^map's- -at -the *1: 50, 000 'and l:25O'',’O0o scales 

were also consultedo 


II. 


Methodology ■ 


■J'-I' of avairable 'soil maps' and satellite data 

. shgw^s /.that- therei is .'of.t'em a.-relatibjfiship' between* the‘"vari'6us ^ shades of 

grey observed on satellite-.-imagis and^tli'e various pedblo’gic units (soil 

associations-) given on the mapSo This study makes, it .j^p.^sible to 

improve tfie" delineation of the soil types. Moreover, pedglogle .un^-ts, 

inVsome’“6f '"-the 'Tesser known regions of tlie basin can .b^i.cgrrectied 

through' 'a“‘geoihofpndlogxc interpretation of satellite imagery. ■ • -, • • 

, ' ; r-. • 


This methodology brings about a double precision: 

- ^ -1 . . - i ’■ ' 

~ improved delineation of soil units, given on .previous maps; 

1 ' fK.'c ■' • • 

- new ^mapping off some .areas- wh-ich could .no.t be ^properly- studied 
earlier. . u. - - -■ ...1' ; '■•.u"': 

..'••A. comparison .'of - figures I'-aiid ' 2'- shows ‘how pe'dologi'cal maps can 

' • . ■ '' f ‘’• 

. be improved wi'-thv the he-l-p* of 'satellite imagery. 


/III. 
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III, Control 

Resul-ts of ..interpretation carried out for the preparation of 
this map were confirmed by ground truth cpnt-rola in the ‘north-eastern 
provinces of Thailand, ' , 

IV, Description of pedological units 

We retained the FAO-UNESCO nomenclature used by W, van der Kevle 
in the General' Soil Map of the lower Mekong basin, (A table of cor- 

- , * * L ’ * j * 

respondence between the legends of the vafio'us d'ocuments used in our 
study is given in the Annex), Soil descriptions, have generally been 
drawn from the descriptive legend which accompanies the above, 

•teach pedological .unit corresponds to a group of soils or to an 
association of soil groups composed of a major soil group covering more 
than 50% of the map unit and of 1 or 2 other secondary soil groups 
Cat least 20% each). Soil groups covering, less than 20% of the unit 
are mentioned as inclusions, 

4.1 Undifferentiated alluvial soils • , 

These soils are limited to the central .part of 'the Mekong delta. 
The relief is very, flat, .The soils, are -characterized by water-logging 
or high humidity throughout most of the year, . 

The various soil categories which appear in the delta on the 
general soil map of the lower Mekong basin are classified, primarily • 
according to their ’ acidity and could not be .differentiated through , 
interpretation of satellite images, 

4.2 Eutric fluvlsols 

These are found in recently formed alluvial areas constituting 
bank levees along the Mekong and on sandy islands in the river. Thin 
strips of these soils also appear along most rivers, though these are 
often too narrow to be shown, on a mapi Their extent may be more 
important when gradual or rapid shifting, of the rivers has taken place. 




/Series 



Series of natural levees are then formed,' interceded by low-lying 

; . f. ■ ' or.-.“ . - 

ardas'that are sometimes marshy and often hydromoirphouso These soils 
do' ho't -appSat in the lower "part of the Mekong where tidal Influence 
is felt, -'increasing in ■ importance towards Kampuchea^ The relief _ 
which ' is • in gerieral' slightly undulating, varies from less than a meter 
to a feVr mete'rs above’ the' level of surrounding alluvial formations o 
These soils can be flooded for short periods at the peak c^^.the rainy 
season, but being located some’wh^at higher than the .vrater .level , they, 
are typically well drained. _ , - . • 


Eutric fulvisols are developed in, coarse alla'vtium.-lef.'E' b"y> 
water when flooding over riverbanks. Their texture, varies from ioam 
to clayey loam. They have no diagnostic horizon, but in exceptional 
cases a light horizon can be seen. Hydromorphy is^ low. The organic 
matter content varies with the profile, but is generally low. 


Inclusions are essentially,- composed -of ■' eutric and mol-lic gley- 
soils localized on more poorly drained alluvia found in depressions 
along the banks ‘ ■ 


On satellite pictures, alluvial levees appear clearly when they 
are suff icien-tly large. .They 'correspond' to light* grey shades contrasting 
with the dark grey of the very JiUmid lowlands ’Which usually. border them. 


4.3 . fiutric fluvisols, saline .phase, associated- wj-feh 'eutric--qle'V’s6ls 

■■'These soils are 'found mainly in depressions subjec’ted to tidal 

I ■ ' . . ' ^ C. 1 V "i. ' 

influences and located between fos'sil "beaches in the Mekong delta. They 
are partly flooded by brackish water during high tides and .sometimes 
by sea v/ater for part of the year. Drainage is rathgr poor. 

- f" - 

■ ■ These' depressions, which are always water-logged or very humid, 

appeh-r clearly on dry season satellite images. ' Their very dark shades 

in Band ‘7 'con’hrast with the very light sha'de's ’of fossil beaches. 

However, th'ese soils 'are 'difficult to 'distinguish when they’ occur in 

very humid flat areas where there is no alternation between fossil 

beaches and depressions. 


/These 
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These soils are totally different from the previously described 
eutric fluvisols because of their generally clayey texture and .their 
poor drainage* Their profile is weakly developed with -spots, in t^e 
upper part, and they have a deoxydized and loose clay horizon at 
shallow depth. The A horizon has a dark, grey colour while the -next- 
horizon is grey. These soils vary from moderately acid to. neutral. 

> •' They are associated with eutric gley soils that have a somewhat 

better developed profile. The deoxydized and loose clay horizon 
appears at a greater depth and has a fine polyhedric • etiract,Tire, 

inclusions are thionic fluvisols and gleyic cambisols localized 
on old fossil beaches. 

4.4 Thionic fluvisols 

These soils are mainly found in the low areas of the Mekong 
delta (Plain of Reeds, in, the east, Hatlen-Rach Gia depression in the 
west). During the .rainy season flooding is very- Important; in the dry 
season water may recede for a short period over limited areas, but the 
soils remain water-logged. 

Very extensive .careas of these soils are always waterlogged, 
uncultivated, and generally covered with reeds -or -other swampy vegetation, 
and they can easily be mapped on the basis of dry season satellite data. 
The delineation of thioni.c fluvisols, is more difficult when these 
characteristics do not appear on images; in such cases they have been 
included in undifferentiated alluvial soils, - 

' These soils, which' are also known as *'terres alunees*' (catclays), 

are formed on brackish sediments containing variable quantities of iron 
sulphides. They have a clayey texture. The A horizon, v;hich is thick 
and varies from very dark grey to black, lies on gray to .greyish— brown 
clays with large brownish-yellow to light yellow patches*. . They have av 
weak to moderate polyhedric structure. This horizon is found, at a,. - 


/shallow 


^3 
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.shallow depth on .deoxydized and -mliddy clays' of a dark grey colomr,, 
Thioni-c fluvisols are' characterized by a very strong acidity (pH 
from 2 to 3o5, sometimes even lower than 2 v/hen dry) even in the 
upper „'horlzQn-o -Acidity,' however, is far •from uniform and important 
variations are found within i a ■'dbs'tance of a fsw hundr-ea meters « 

Inclusions: slightly less acid humic gleysolso 



4.5 Thlonic fluvisols, associated with humic Gleysols 

Satellite^. images, show an area, with rather .homogenous Configii-. 
ration. and very flat. -topography, which limits . the. Mekong delta in the 
north and differs from unit 1 by a -less predominant .water log-ging or 
humidity during the rainy season and a much drier condition during the 
dry season. This area corresponds approximately to thionic fluvisols 
associated with* gleysols mentioned in 'the ' geileral soil' map of the 
Ji’ower .Mekong basin. *’ -••..• 

These are clayey and, poorly drained soils lying on brack'ihh- •••' 
alluvium.. The A horizpn, which, is thick and- of , a very ' dark -grey - 
colour, lies on a clayey and deep B horizon with a grey to greyish- 
brown colour and with yellow and or yellowish-brown mottles. Most 
.hpv.e..a 2j,ow pH -which is in' genefal'-below 3'1'5' at 'I’OO cm below the surface. 
However-, extensive. 'areal-‘ which are somewhat less acid, and which could 
be related to htraiic gley-sols'/ have been- included' in this mapping' unit. 

4.6 Eutric Gleysols 

’ ■ These ’a're formed in poorly or insufficiently drained river , - 

backswamps ‘ as well as Ih the flood plain of the Grea.t Lake. During_„ ... 
the rainy season, wide "and extensive flooding takes place. ■ ... . - 

This--sCil unit, can easily be identified on satellite imagery 
because of its generally- dark * grey -colour- resulting from 'its significant 
hulsidlty, the naturally dark- colour of the soils, and the flooding which 
characterizes these depressions. 


/The eutric 
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3!he eutric gleysols are clayey, .their cglour varying from grey 
to brownish-grey with large brown or brownish-yellow spotSo Horizon *A 
is dark grey or dark brownish-grey.. Horizon B is deep and well - strvtcturedo 
These soils dry deeply during the dry season and often show, such ■charac- 
teristics of vertisols.as deep cracks^ Their ,pH varies from acid ,to 
neutralo Base saturation is higher than 50 %^ 

4o 7 Eutric gleysols associated with Molli.c Gleysols 

These soils include most of the recent alluvial' deposits in de- 
pressioris located along the banks of the Mekong in the upper part of the 
del’ta and nearly up to Kratie. They are deeply flooded for a longer 
period than the unit considered above, 'and are water-logged almost 
throughout .the year» 

They can be differentiated on satellite imagery because of their 
characteristics resulting from a more extensive surface .hydrology„ They 
are clayey with a generally grey colour and important yellowish-brown 
to brown spots o They -a-re characterized by a very dark upper horizon= 

The pH varies,- fro m ver y acid t© slightly acid but the base saturation 
is abpve 50%o , . ' 

Intrusions include humic gleysols _with a very dark uppe'r horizon, 
a more acid reaction, and a lower base saturation and "thionic fluvis'ols 
with a very acid ."catclay" claye-y horizon. ' 

4.8 Mollic Gleysols 

These soils appear in old or recent fossil beaches of the Mekong 
delta. d?he relief is in general rather flat with a more accentuated 
micro-relief in a few areas. Though submerged by rain water which 
accumulates in rice fields during the rainy season, these soils are not 
flooded by river water. During the dry season, they differ by their 
drier aspect from tindiff erentiated alluvial soil-s.. which are -;al ways wet. 


/Dry season 



REGION DE LA NAWl MUW NAM CHI 
Echelle llt.OOO.OOO 



LESE^IDE 


m 

DD 


CM] 


EUTRIC 6t£V!S0LS 

FERRflUC CAMBISOLS ASSOCIES. A DES FERRIC ACRISOLS 
ORTHIC ACRlSOtS ASSOCES A DES UITHOSOLS 

ORTHIC ACRISOLS ASSOCIES A DES OYSTRIC NITOSOLS £T OES FERRAUC CAMSISOLS 
GUEYIC ACRISOLS ASSOCIES A DES OYSTRIC PLAisJOSOLS 


6LEVIC ACRISOLS ASSOCIES A DES FERRAUG CAMBISOLS ET DES FBtRIC ACRISOLS 
ORTHIC FERBALSOLS 




I NTERPRETATION des IMAGES du SATELLITE 

REGION DE LA NAM MUN - MAM CHI . 

Echelie I*. 1. 000. 000 



LESENOE 


r 6 ~ I EUTWC StEYSOLS 

1 16 I FCRRMJC Ca««SOLS ASSOCIES A DES FETOWi ACRtSOLS 
1 18 I ORTWCACBSCJLS ASSOGES A DES LITHOSOLS 

\ 19 I ORTJflC ACRfSO-S ASSOCIES A DES OYSTRIC NrfDS<a.S ET DES FEiS^LiC caapeni ft 

I' 22 } GLEYIC ACmSOtS ASSOOES A DES DTSTHIC PLiWOSOLS 

1 23 I eUEYtC ACf^OtS ASSOCIES A DES FERRAUC CAMSlSOtS ET tffiS FERRfc AOSSOLS 

f 25' j ORTHtC FEfiRALSOLS 

^7 


FIGURE X 





29 




Dry season safe^l^-i-t'e'-pict'aifGS' ’•g±Ve'''t'K&"^es€ results for thetr 

» - *v , ‘ ^ ' * - • I*'* 

mapping «. Jtollic gleyspjLs, Jaeem to. ;co:r-res'p6hdr- to' -th'e lightest shades 

r . r . S '' r T’ • ' »V '*11-! - 

, . pbseiry:ed . in th.e-.idel-tao-.ri-'The'se-.Te'sult', 'irit'er ■al-i'a,' 'from 'the'*nature of 
_the .soil , its; low hUmidit-YX' J-ts low-- or- iio'n--eX'i's tent tree" ’cover , and the 
extensive. Qccupa-tion: o.f the 'soil' by-' rice'" -fields 'tha'h ha've been harvested 


in this time of the year^ Moreover, fossil -beaches on which-these 

1 . . .."'i ". *■ 

generally 'appear ''-can' ehsil'y' be identified because of their specif ic.,f. 

orientatidh-i'..' ' "* 


C :i'M©iiii'c%3:eysol-s''afe ''claye'v and poorly drained s their colopr 
varies ’ftdni greyish-brown to redclish-grey with an ■upper horizon •yatiririg 
fiEOm'^vdr'y darlc '-^rey ’ 'to dafic reddishdbrowft. Lower horizons show n;^erous 
reddishu-^elldw-'to- brown Tno'tt'les o' The' B horizon is wel.l develop.ed. with- 
moderately developed fine polyhedric structures., Reduction seems to 
take place below 15.d cmo ^ Ihe^ pH -varies .from- slightly, acid; to- faodera'tely 
" alkaline o These soils can be slightly saline in the lower horizonSo 

Inclusions include eutric gleysols, eutr'i'c’ fluvi'sois and some 
gleyic -cambi-sols,, locaji^zed on. ridges .with ■a-laamy'' texture. 


•r;'. 




c- • 


4o9 . . . Hutnlc gleysols, .- associated with^dist'ric-'qie-ysols, '"petrjc 'phase 




,<.o i“... t-pThese are 'typ±car‘-'df 'the'''plaxns 'located north-east of ^.Snoul ^ 
(Kratie- and Mondol Kiri provinces). They are water-logged during, the 
rainy season and remain humid during^ ■the. dry,.^se^a§ono;,-j,;Th-e -fciree:'. cover 
usually forms dense fores to . . . 

,, ... i * "-.o'-' f.'! 

--'These- dir'e-^ 'Hark clayey s'ofTso’ "'They 'are rather shallow ami.^ay^.,^ 
on a very hard lateritic pan. The upper horizon contains a large number 
of ferruginous concretions .The pH. is .lo,w,_,as. is,, thp- base •.saturation 
rateo Drainage is non-existent. or ye;ry„ ppo.r«., --7. 


‘1 f • 
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4ol0 Lithosols associated with haplic phaeozems . . 

This .unit- includes very shallow soils on (basalt plateaus 'and 
limestone hlllSo The topography is variable -and -usually Very accentuated 
(rolling or with steep slopes and escarpments-) „ The soil cover is often 
eroded, and the bed rock appears at ground level or immediately below. 

Their mapping is based on the geology indicated, in -various - • 
documents and on the topography observed on satellite imagery^ • . ' , 

Most of the soils of this unit have a depth of less .than 10 cm. 
However, stony and deeper ?oils of .a dark colour and with a brittle 
sxurface are often found, especially on basalts. They have a clayey to 
clayey-loamy textiore. The pH varies from neutral to basic. , The base 
saturation rate is high. 

‘ i ’ “ ' 

*■* 

Inclusions are pellic vertisols, calcaric cambisols and r^dzines. 
4.11 Luvic arenosols 

Those are mainly- formed' On sandstones, granites and rhyolites 
which, when weathered, give a sandy material ensuring very good drainage. 
The topography is Irregular: .. flat to' rolling (more or less- eroded 
plateaus; areas occupied by elongated low ridgesl or with a large anumber 
of low hill’s. . ' 

On satellite ' pictures, these cannot be distinguished from the 
surrounding ferric acrisols associated with plinthic acrlcols (unit 21). 
These two soil units have a low fertili.ty and are usually covered by 
open 'dipterocarp forests. . . ■ ■ 

Luvic arenosols are very sandy; their colour varies from 
yellowish to brownish. Their organic matter content and their exchange 
capacity are very low. Drainage is excessive and the water holding 
capacity very low. These soils can be stony. 


S'f. 
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4o"i2 Rendzlnas associated with peliic’ vertisols. .and calcaric cambisols 

These soils appear on limestone colluvium and on marl in practic- 
a-3l-iy aiie'a'si’'’ Thi's-’ unit ‘is'^maini^ ' cdnst'i'tuted’^hy shallow and black 
redzineso The upper horizon, which is black,' 'ciayeyj' 

varies from neutiral to basic » has a thickness of 20 to 50 cmo It lays 
o#:^V-ni^^i^iiahd;%rav^ry^%lio 'i‘basi'G'''p’H)^=''''- '• - " 

In the lowest areas j these are generally associated with pellic 

vert'i%dl‘s- whi'clf-‘'are'' ■'deep'dr,' have ‘a'" clayey structure.; and are* less brittle 

( thob'gh -'th^-upper''-structure -l^s 'sBifi'et'ihtes' granular) o' These soils are 

vej^Y'-'S'ticl^'-'wheiv'-wet hn’d vefy hard ’when ’dry;' iheY'slioV deep cracks during 

the dry -sea'scn'o ' The A hofiaoh', deep, blabk’ro very' dark grey', Ixes ^on 

scft marl's, or calcic clays; Thh*'"ekchange.lfcapaclty-'arid base 's'aturatiVh'' 

are higho . . 

ryj.inXtu. ri, It'' ’ nf/' h • 

Inclusions j chromic camhiso-rfe' and" litliosois on limestone^ shallow 

or -moderately; ;dpep.j--_^ reddi-sh-brgwn.,;. de.epj-and; :brit,tleL-dystric- nitosols.. 


nan:/ 
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Pellic vertisols associated with chromic vertisols 


These are essentially formed on basalt bed-rock with an almost 
flat or siightlyi'unaul-at-ing rel'i’sfo* *'tEn- Kaifipti'chea'- ‘they -'are 'foiond around 
the Komppng..Gham- .and -the^.'Kra-tie basal tic-..'ranges'‘ as' well" as-dni'depresslons 
and-f lat ; ar.easr.o£;.;->the-. •mountainous . r.egiohs'' of - Mondolt-Kifi; and Ratana-" Kdrio 
Small outcrops also appear in the north-east -of Thaildn'dadi..-'.' 

j .The -vegetational.-cover found in. 'this • unit isdgeneral'iy^a more 

or less degraded^.raainly;, evergreen 'dense forest-.--' v.-'i' - ••rri.i 

, . 1 ; . -t .i. ■- 1 'V ■ ■ 'V ' '' '> *- v-'Wov' 

Pellic vertisols have a thick ,( 20 , to 40 cm) . claye.y-, ,..-bi.ack,or«,. 

very’ dark A .horizon with mottles and f erruginous .^^co.ncretions q ^.Thov^gh 

generally granular, the structure is polyhedric. ’ The pH ^varies fromi,. , 

I’ ai • ' i -i" " 

acid to neutralo These soils lay on dark-reddish brown ..^clays with .a . 

neutral "to alcaline dH, and a l?irge number of ferruginous -concretiopso-. 

They are composed of montmorillonitic clays which swell strongly when 

wet and retract when dry,, revealing cracks and deep retraction fissmres. 
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They are very sticky when wet and difficult to .work. Most 9f the pelllc 

“ ‘ • 

• . r ^ rl r • > < 

Somewhat better drained, brown to dark brown chromic vertlSols 
are found in higher areas.. . . . ■ . 

40 14 Gleylc solonchaks associated .wi th , thlonic fluvisols and eutrlc 
fluvlsols. 

► ? ' • , ^ * • • - ' 

• - . These are found along the delta coast in permanently water- 

logged areas subjected to tidal Influences^ Very poorly drained; andi 
, . highly saline, .they; are characterized by mangroves which facilitates; 
their mapping^ Gleylc solonchaks .are composed .of fully deoxydized 
muddy clayso Associated .wi.th these ares. • . ... i 

I . 

thionic fluvlsols; potentially acid and with a high sulphur 
content, these, become extremely acid when drained| ; - * 

.- eu trie, fluvlsols : poorly drained, they are- differentiated 
from gleylc solonchaks by their low salinity (conductivity lower than 
15 mmhos), . ' -• ■: ■ ■ - . • - - 

4015 Gleylc cambisols associated with gleylc luvisols 

These occur on the ridges 'of' old or-feceht fossil ’beaches 

•where, they appear as '.narrow strips 'normally' used by human settlements 
and thus sheltered from floods. ' ■ ’ ’ 

■- Gleylc cambisols are young soils a praGtlcally undifferen- 

tiated profiieo They have a loamy striictureo The greyisb-brovm to' 
brown A horizon lays on a yellowish-brown to brown or dark-brown B 
horizon with light mottles . Horizon C is light grey to light greyish 
brown. The organic matter content is" very low. The pH varies from 
acid to neutral. Some of these soils may have a low salinity. Drainage 
is normally -quite good. Gleylc cambisols are siarrounded by clayey , 
gleysols 'or fluvlsols formed on marine deposits. 
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' 'Associated gleyic luvisols have similar characteristics but 
are "found on older fossil beacheso These are characterized by .a B 
horizon with a clayey revetment, the clay content of which is higher 
than in the upper horizono , , . , : ^ 

— ^‘-'Inclusions: badly drained mollic gleysols, eutric gi'eysols 
and very sandy and well drained eutric regosclso, .. , 

4„16 g'erralic cambisols associated with ferric acrisol,s 

These occur in particular on middle alluvial terraces in the 
north-east provinces of Thailand^ Compared to soils of unit 22, they 
occupy a. higher- topographic position-, althougly -both units are parts 
of -the sama, terrace level <> They are also fbund on materials resulting 
from sandstone decomposition = In Kampuchea tlfey appear on granitic 
or sandstone bed-rocks, on their colluviums and on older alluvia of 
the ’Mekong terraces o Topography, which varies between, undulating and 
highly' rolling, is of ten deeply cut by erosion^ . ... 

- • . • .Rainy season satellite images available for some regions make 

it possible to. differentiate these soils from those of -mlt 22 which 
are generally flooded or very humid 'during the wet periods* 

• F.errali'c cambisols are deep and characterized' by a sandy loam 
and greyish-brown A horizon covering a - brown or light yellowish-brown, 
sandy loam or. s'andy clay-loam B horizon. The clay content increases 
progressively with depth* Indistinct spots are sometimes found in the 
lower part of .the profile* No a-lluvial clay is found* The structure 
is very weak or massive* The alterable mineral content and the exchange 
capacity are low* These .soils are generally acid- and have- a low organic 
matter content* Where subjected to a very active altera titJn -between 
wet _ .and dry, these soils seem. -to be closLely related to fer'ralsols* ' 

"These soil’s are associated with ferric acrlsols. which are qwite 

. L .".'i 

similar' to feicralic cambisols* The upper horizon, which is also of the 
sandy loam type, lies on a sandy clay loam horizon but the B horizon, 
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which is generally of a pinkish-grey to .light-brown colour, shows 

strong reddish' spots and a large number of ferruginous concretions o 
1 ^ • - 
Clayey revetments are sometimes found, 

4,17 Gleyic luyjsols associated with orthic luvlaols and eutric 
t .gleysols . ' - ■ 

• ... ■ 

Gleyic luvisols appear in the lower parts of the semi-recent 
alluvia of northern Thailand and on the colluvium of basic and acid, 
origin constituting the fluvia'tile p'lain of Battar^ang' province_ 

c 

(Kampuchea) , . ‘ .i . 

r ^ ’ * 

There a.re, no criteria .to differentiate these soils"‘£i?om those- 
of Unit 22 on satellite images and their mapping -'is inaiiil-y based'(6n 

•<'••• t I 

available pedologic docutnents, . j - . 

These are greyish-brown soils with a large number of mottles 
and a loamy to loamy-clay upper horizon laying on a textural. B horizon 

. ^ ^ ' I- j • 

well developed and characterized by a fine texture and by the presence 
of clayey revetments. They ha.ve'a low to medium organic matter content, 
a low,. to medium exchange ca'pacity, a high base saturation, and an acid 
to neutral reaction. Drainage 'varies from average -to poor, - ' 

These soils are found in old river backswamps where they are 
associated with the better drained orthic luvisols of former bank 
levees and with eutric gleysols in the lowest parts of the depressions. 

Inclusions: gleyic acrigols and eutric fluvisols, 

.4,18 Orthic acrisols-, associated with li'thosols 

' ' Stony and shallow, these soils occur in' areas marked by steep 
slopes -(mountains j hills, deeply eroded plateaus)' and more generally 
in areas where the bed-rock is directly or practically outcropping. 

These are normally observed on intermediate or acid rocks. Where 
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geology is not known, however, the study Is based only on tbpography® 

In the same manner, the map does not differentiate- snjall limestone 
and basalt areas® 

This unit can be delineated through a study of Band 7 images, - 
when it is conditioned by a marked topography® In low and feebly 
undulating regiojis., study of, multispectral images makes it-^pbssible 
to determine .large areas of outcroipping or nearly outcropping rocks,"'’ 
because, of the .scattered and generally deciduous tree^- .cover and the 
extent of the grassy. carpet which dries -quickly ' during, the dry season® 

The shad.es are grey- (outcropping rocks) or light grey (nearly out- 
cropping rocks)® .It -does not seem possible, however, to differentiate 
in these areas the later! tic .pans of the rocks® ' ' ' 

'Ir • 

Most of these soils are shallow (5 to 30 cm), aci-d . (.pH 4®.5 to 
6o5), with a loamy sand to clayey texture (usually loamy -clay)® In view 
of the variety of pedological conditions (topography, nature of the 
bed-xock, climate), great differences are found 'wi’thin "thi’s unit® Soils 
on.g.ranites and rhyoli-tes very often ’’form sandy to sandy loam® Dacites, 
mica schists, and ..sedimentary schists give- more clayey materials v/h£le 
sandstone often turns into poorly developed sandy’" soils® 

Orthic,acrisols -are associated v;i-th Very shallow lithbsols (less 
than 10 cm above the bedrock)® 

Inclusions; rather young chromic cambisols, without textural B 

• ' * 

horizon^ h-umic acrisols v/ith a high huraus_ content. -den- be. found -.in the highest 
hilly areas v^ith high rainfall® >• ... 

4®19 Orthic acrisols associated with dystric nitosols and.fgrralic ■ 

cambisols _ . 1 .,.,-^. ; :■ 

These occur oh materials re'sulting from the v/eathering of various 
types of rocks-’ '(‘except basic rock.s) , as well as "oh old alluvium v/ith 
sandy or loamy texture® They are found on many different types of 
topography, from flat to rolling, though most are found in hilly areas® 

/Also 
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Also covered by this unit are soils of the more or less wide valleys 
of the hilly. 'areas as well as the soils 'of plateaus with undulating 
to rolling -.topography <, . 

On satellite pictures, no criteria seem to differentiate these 
^o.il's, -from, those of -units 16 and 24« 

1 . ; - r ■ i ; • 

' ^ , c • • 

Laying on such different bedrocks, these sqils have varying 
morphologic charapteristicso- The- typical profile' is given by PoR, 

e 

Moorman: under a hiJmiferous< upper horizon, of a grayish-brown colour, is 
a yellowish-brotvn leached area. The two upper horizons are clearly 
lacking in fine. elements and have' a loamy sand texturfe, • The underlaying 
accumulation horizon, has a clayey texture of red to yellow colour’, hhd 
a clearly polyhedric structxure® Many variations are 'found on thi^' “■ 
typical profile. The depth may vary from less than a meter *o several 

t . . 

meters according to the slope and the nature of the bedrock. Some 
profiles can be very stony, 

, Ferruginous concretions are often found in the profiles, " The 
pH .stays around 4,5, The base satura'tion arid water retention capacity 
are low. These soils.- dry deeply during the dry season and are very 
susceptible to erosion, . - ■ 

, _ Associations: ferra-lic cambisols and dystric nitos'bls. 

Inclusions: ferric acrisols and lithosols, 

^4.20 . Ferric acrisols, petrlc phase 

Ferric acrisols are well developed on old loamy to clayey 
alluvium of the middle terraces in northeast of Thailand, They also 
occur in Lgo. FDR oyer wide areas, ’The topography of these"'ar6as is in 
general flat to slightly undulating. In these low lying ' regions , open 
■forests and the absence of crops resulting from a very low fertility 
' *6f the soil are ‘characteristics which can easily be identified on 
satellite pictures. 


4 ^ 
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These soils are characterized hy a hard laterite layer or by 
a large proportion of laterite concretions near the surface or at. a 
shallow depth. The sandy to loamy upper horizon is very gravelly but 
often erosion uncovers the hardened horizon. Their real depth normally 
varies between 10 and 50 cm. These soils are acidiCc 

4,21 Ferric acrisols associated with plinthic acrlsols 

In Viet-Nam and Kampuchea j these soils occupy old sandy and 
sandy-ciay alluvial terraces of the Mekong' as well as the plains around 
the Great Lakeo They are 'also found in valleys, on slope colluvium 
material- and on sandy material resulting from weathered acid rocks, _ ^ 

In such- cases they are often associated with lithosols. The topography _ 
of these -'areas is 'usually flat with occasional more undulating areas. 

On satellite pictures, these soils cannot usually be differen- 
tiated from the previous unit since they too are poor and mostly 
uncultivable. The vegetational cover-, is mainly composed .of dry 
dipterocarp forest. ^ 

Ferric acrisols have a sandy to clayey upper horizon, grayish- 
brown in colour with a generally very low humus content, A feebly- 
developed B horizon is a yellowish-brown to light greyish-brown colour 
with large reddish spots. These soils contain hardened ferruginous 
concretions with a higher clay content. The water retention capacity 
is low, ;and-.most of ’ the. ferric acrisols are extremely' dry and hard 
during the dry se'ason. They are acidic and their exchange capacity 
and base saturation are very low. They are highly erodable, 

Plinthic acrisols associated with these soils .aire found In 
particular in the eastern region of Kampuchea and in the part of Viet-Nam 
where precipitation amounts to more than 2,000 mm. per year and where 
the dry season is short. In all other regions with marked dry seasons, 
plinthites can occur at a great depth in which case they are not 
involved in our classification. In some regions of western Kampuchea, 
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these soils contain large proportions of ferruginous concretions or 
have haraened laterite horizon at a shallow depth. In fact, these 
constitute a lateritic phase of ferric acrisols. These soils, which 
a're poor and often too dry for agriculture, erode very quickly on the 
.'slopes oif: deep valleys. 

Inclusions: gleyic and orthic acrisols, ferralic cainbisols. 

4.22 Gleyic' atarisols associated with d'ystric planosols 

These are almost exclusively found in lov;er and .almost flat . 
areas of 'various formations. They are normally found on old alluvium, 
sometimes on semi-recent affluvium and on colluvial material of acid 

, • , . ’I . ^ 

rocks. They are typical of depressions on low alluviul terraces, .and, 
of areas where the water table level .stays close to the surface 
practically throughout the year. Somewhat poorly to poorly drained, . 
they are water-logged and often flooded during the rai-ny season but 
dry out deeply in the dry season. : 

These soils can easily be identified on satellite pictures. 

* • * f % 

During the rainy season, flooding and waterlogging, i^hich are typical 
of this unit, give grey shades vjhich become darker as these phenomena 
become more important. ' During the dry season, on the contrary, grey shades 
become very light. This high radiance is due to the drying of the soils 
and' to an extensive occupation by harvested rice fields at this, time of 
the year. 

The surface horizon of gleyic acrisols varies .from loam to 
sandy-loam. It lays on a loamy to clayey textural B horizon well or . ■■ 
poorly developed, v;ith -the clay content increasing generally and ■ ' 
progressively with depth. The colour varies from light grey to light 
greyish'-brown with many spots throughout the profile.- The structture 
is very poorly developed or massive, especially a-t the surface. Most 
of these soils easil.y become icompacted when wet,- practically s'ealing’ '■ 
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the surface:-!’ af.tej? -a'-'-strong'r'ainr’’ ’''This''na’€ufai phenomenon may also be 

due to- the^ puddling.. .of: rice f'i'elds'i • Mariy “gleyic acrisol s' develop a 

compact -plough: pan dmmediatelY'' under the-’ plough horizon* The organic 
' - ■ 
matter content is generally- lov/ when 'these soils are not covered by 

- r * ' ** ' u ’* * .1**^ * 

forests. jThey are- acid, vand'the'ir 'e‘xcnai1ge'’capaclty and base saturation 

r V r ' '• -'•-‘-I 

. are .I 0 .W., . They, show -important vafiatioris' which are related to the age 
_,of. .the. , sediments , -on' wboLCh they-have ■developed. 


- i 


. I - -.-I5-ys;tric;planosQls ^ar'e-.l'n 1>’articulrar found 'in various parts of 
Kampuchea^. -Similar ;.to' -.the -previous -types ’of 'soil's', "they are hovjever 

, ^ * r ^ 4. _ ^ V ^ * 

characterized -by* a' 3 sud.den "ch’a'nge Ih texture" between horizons A and B , 

' ^ ' — ..... ■ - ...... . 

or by., a -Very compact and- imperm'eable ’und'erlaying' 'hbrizohe Inclusions _ 

.. are c.omposed.„of -g-leyic solonetz, -ferric-' ■acrisols arid dy'stric' gleysols* 

■ ■■ ^ .5 MiJ'JS'f- 

Dystric gleysols correspond .to •-aci’d ‘alluvia-i '^oils i'/Tth a well developed 

B horizon and a low base saturation rate* Gleyic solonetz -heve & compact 

B horizon-'afid a very 'high percentage of exchangeable sodiuitio . t r : 






Gley-ic’-ac'rlso'ls a’ssocla'ted w'lth ferrallc catnblsols and-.f&rr-ig. ; 


/‘‘^'^. •'acr-isols 
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^ This, association is. specific" t'cP the northeast pro-vinces of 

.... V:*‘; 

Thailand^ with a .raainly,, undulating.' topogrtphyo The gleyic acrisols 

(unit 22) are -found; I'n-.- lower' .are’&'^s, vjit-h''''the-ferral'ic' cambisols (unit 

16)' and ferric acrisgls' (unit': 20‘)v'i%'-.ihigher'-partsi 

^ The relative .-impoc-tanceC'of "".the various cbmpondhts varies 
according, to _;area., and topography d--’.' Id flat -areas, gleyic' acrisois 
predominate, over j,qther associated soil’s -^wKil'e in "a'f das with "a more 
accentuated topography, the opposite is noted, Often, each ^gf. , the 
elements of this-" unit is vls'ib’le on satellite pictures, but the 
elements cannot be mapped separately since their, respective .areas are- .• 
much too small* 
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4» 24 Dystrlc nitosols associated with chromic cambisols 

These, soils are found, on residuum and colluvium -resul4:ing from 
the weathering. of intermediate or basic rocks « The topography varies 
from undulating to rolling with- occasional more accentuated* features 
due to the presence. of mainly limestone rocky . outcrops which create 
important escarpments « The topography -may in some cases be considered 
as a peneplain with a soil cover resulting nor influenced' by basic' rockSo 

There are few criteria to immediately distinguish these soils 
on satellite pictures o- They are in general covered- by-' a- den^e arid 

I * ■» 

mainly evergreen fotest deeply degraded by crops, though this criterion 
is not specific to, these soilso When the bedrock is different from the 
basic rocks . mentioned on geological maps., these soils cannCit be differ** 

• i. . * 

entiated .from unit 19 in the yalleys of hilly areas. - ■ 

Dystric nitosols’ are in general very deep, brittle, and of a 
red to reddish-brown colour. They have a clayey-loam to clayey A 
horizon and a clayey textural B horizon, though the -horizon- separation 
is. ^not. clear. -In the B horizonj aggregates have a clayey revetment and 
the clay content "increases with depth. These soils have a moderate 
acidity and their rate of base saturation is below 50%. The exchange 
capacity is moderate. The .organic matteb -content is 'to a large extent 
related to the vegetatlonal cover. They -have -good physica-1 properties 
such as brittleness and a high -water. retention capacity. ■ 

In some regions, dystric nltrosols which have developed on 
limestones, are associated with brittle and moderately deep chromic’ 
cambisols of a reddish-brown -colour and withou-t a textural B horizon. 

Inclusions': vertlsols, rendzines and some li-fchosols'. 

4.25” • Orthic ferralsols 

These occur often on alluvial terraces of northeast Thailand 
which, located higher and v;ell above surrounding and more recent 
terraces, are considered as the oldest. The topography is rolling with 
steep slopes here and there. 
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This unit can be rather precisely distinguished through a compa- 
rative ' study of topographic and pedologic maps and satellite- pictu£'es« 

It is often apparent on satellite pictures because of the ‘presence of 
dry dipterocarp forests or intensively cultivated -areas.. 

Orthlc ferralsols are deep, well drained, and red to yellowish— 
redo'-- Horizon A, with a generally sandy to loamy' texture, often shows 
signs of degradation: fine particles migrate towards the base bringing 
about the formation- of ■ an .the B horizon,, -and the”' 

texture becomes claye.y-sandy-loara» 

‘Separations betv^een horizons are progressive except for the 
lower limit of the tipper horizon v/hich is very shallow and of a somewhat 
darker colour. The structure is poorly developed. Brittle when wet, 
these soils_ become very hard when they are dry. Their- pH. -varies from 
a.cid to moderately acid. .The base, sa-turatlon ,rate i.s; ytriable 
and the exchange capacity is very low. The organic . matter ,c.onten-t is 
related to the vegetational cover but is generall-y low as: -is. the water 
retention capacity. 


4.26 Rhodic ferralsols 

Rhotiic ferralsols are found mainly on plateaus of volcanic 
origin -in Karap-uchea v/here they constitute "th-e -"red lands". '-These 
basaltic formations . have an un(du-latin‘'g; 'to- rolling 'topography. 

Most of the rubber plantation are located on these formations. 
Clearly apparent:-.oh satelli.te -pictures,' they give 'good indicTations for 
mapping-. , 

, Rhodic ferralsgls vjhich have developed on clay resulting from 
an alteration of basal-t are deep and brittle..-- Under a mere or’ less ~ 
humiferous loamy— clay to clayey upper layer appears a dark reddish-brown 

■i r ; ■ . j 4 1 

clay v/hich extends in general without -obvio-ws changes over a considerable 
depth (more than 50 m. ) . The organic matter content, which varies from 
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low to moderate, is related to the vegetational cover- and to the slopso 

These soils are moderately acid and have a low exchange capacity They 

are well drained, porous, and -have a good water retention capacity,- 

The clotty structure o£ the upper horizon's, which facilitates a’ very 

easy infiltration of rain water, preserves these soils from eroslono 

' ^ . 

Inclusions orthic ferralsols, some vertisols arid some lithosols, 

4o 27 Rhodic ferralsols associated with orthic ferralsols 

These occur on basalt plateaus with a normally rolling topography. 
These plateaus are pften deeply cut by erosion which gives the topography 
a very typical aspect of more or less narrow table lands with ridges ■ 
surrounded by deep erosion valleys. 

These soils have a red to yeliow-red colour. Profiles are deep 

# 

N 

with a clayey texture" and a structure varying from clotty to slightly 
polyhedrico Ferruginous 'cbricretions may appear at various levels, 
sometimes close to the surface. 

Inclusions s— some acric ferralsols and some lithosols, 

4,28 Acric ferralsols associated with orthic ferralsols 

. This (Unit occupies^ .the larger part of the Plelku-Kbn -Turn basalt 
plateau. This deeply eroded surface shows a rolling ' topography' -with 
less eroded surfaces here and there, 

• Acric ferralsols compare with rhodic ferralsols- in many, 
characteristics. However, they have a very low fertility, confirfaed 
by an extremely low exchange capacity. They have a very acid pH, 

Their base saturation is very low. Their water retention capacity is 
low and they dry very quickly in the dry season. These characteristics, 
along -with their very high iSrittleness, turn them into thin dust during 
dry periods, -They are well drained and porous. 
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Orthlc' ferralsols have redder or lighter coT-ours and a higher 
exchange ccpaei-ty-o' 

Inclusions; some rhodic ferralsols and some rhodic -acrlsols » 

4o 29 Dystric histosols 

These peat and muck soils occur-' In. the western parts of' the ■' 

«■ 1 ' * 1 

Mekong delta a few meters above sea level and are generally covered 
■-by swamp- forjes-t.''w±th Melaleuca'; -they are typical of more or less 
w.ater-1'ogg.ed^ -soil's.,, .-vjhere -water renewal is s-low,’ and have in general 
a large content of acids and' organic matter o 

The mapping of dystric histosols is based on the presence of 
swampy vegetation with Melaleuca , observed on satellite pictures c 

They are characterized by a peaty layer of at least 40 cm, 
almost exclusively composed of organic matter and which can reach a 
depth of several meters « Some peats have a high sulphur content, 
becoming very acid when drainedo 

Access to this region being difficult, the pedological composition 
of the -peaty- soils ''is hot known « 

Vo Surface hydrology 

In view of the extent of the lower Mekong basin, is was not 
possible to represent floods and water subsidence as a coherent v;holeo 
Because of the extensive cloud cover, rainy season satellite data are 
Insufficient® We could only plot the approximative maximum limit of 
areas which in 1972 - 1973 were covered by a layer of water or were 
very humid® 
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No distinction has been made between floods proper (resulting 
from overflowing rivers and streams), rain water generally accumulated 
in rice fields during the rainy season, and waterlogged or very humid 
soils e The delineation of these wet areas involves a“veiry large part 
of subjective appreciation. 

Results obtained are represented at a very reduced scale 
because of their limited: usefulness and their lack: of precision. 

This study is essentially based on the interpretation-, of ' band 
7 composite colour transparencies and black and white'" transparencies 
taken during the rainy season. (LANdsat I). 
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Lpwej^ Mekong basin 


1 Al'I'uvx-a'l so 1 1' s . 
undifferentiated 


2 Butric _fluvisols 



3 ’ iEutri-c 'fluvi-sols; 
(saline phase),-, 
eutric gleysols 

^ Tbionic -f luvis’ols i 

5 Thionic fluvisols 
humic gleysols ' 

I 

6 Eutric gleysols 


7 Eutric gleysols , 
niollic gleysols 

S Mollic gleysols 

9 Humic gleysols , 
Dystric gleysols 
(."cuirasse" phase) 

llj Lithosols , Haplic 
phaeozems 


11 Luvic ‘a'rehosol-s 

_ • '■ 1 ' 

12 Rendzines , 

Pellic vertisols 
Calcaric cambisols 


Vic Comparative, table p£, .soil. .uni±s 
THAILAND ■ VIBT-NAm”'' 


KAMPUaHEA.-tr 


2 Alluvial solids 
I on recent fresh 
water 'alluvium 


22 and 23., Un- 
differentiated., 
steep land or 
shallow red brown 
earths on limeston^ 
crags or lava 
plateaus ahd.vol-- 
canos-’.ij’ •■■■ - ‘ 


1 Alluvial soils, 
undifferentiated 

3 Acid alluvial soils 

4 Very acid alluvial 
soils 

5 Brovm alluvial 
so’ills of th'e river 
levees ' ■ • 

l: Alluvial soils', un-‘ 
differentiated 


4' Very atid- ■alluvia-l 
. soils •' * 

3 Acid alluvial soils 


1 Alluvial -soils, un- 
differentiated . • 


1 .Alluvial soils, un- 
! differentiated 

1 Alluvial soils, un- 
differentiated 


8 Shallow re^rs and 
latosols (generally 
shallow) on basalt 




14 Brown alluvial , 
• river iCTe'es* 

'v .-.r -T-' 

■ J. ; -■ - 


9 "alune" soils 
(cat clays) 

13 Alluvial soils 

I. t 

t ' 


11' Sandy podzolic soils 
. on acid rocks 


■i-5‘- La'c-us'tri-ne-"- - 
' , deposits^ . ’ 

13 Alluvial soils 


. 7 ■ Hy.dr omorp hie L «v - 
'"“".soil’s” of - 
lateritic 
origin 

12 Basie 1-itbosols-' 


■ rr.va 


. SXf 


.10 <{oh-;-e'%ci c 

.bedrock , 
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Lower Mekong basin 

THAILAND 

yiET-NAM.. ’ 

KAMPWCHBA 

13 Pel lie vertisol. 

10 wrumosols 


10 Requr,' (on -.basaltic. 



v^-* . • 

. ■ bed-r-oekJ- -s— 



, 2 Saline alluvial 

16 Coastal eomple^ i 

Thlonic fluvisols 
Eutric f luvlsols ' 

15 Gleyic cambisols. 


soils 

* "i- - ' 

Gleyic luvisols 


6 Regosols on white 
and yellow dune 

& 


, ,14 Grey spodzolic 
soils • - 1 .. 

. , ,7 ^ow Humic Gley 

sand 

1 Red-yellow podzolic 

8 Bi?Q.wn~l:iydr.omorphic 
‘ soii-s - ' ■’ 

. 1 iVJ'.'.V 

18 Orthic acrisols - 
*• 

;20- and -21- ^hallov/, 
red-yellow pod- 
zolic spils and 
re'ddish-browii 
lateritic soils 

18 Complex of 

montainous soils, 
mostly red and 
yellow podzolic 
soils and lltho- 

11 Aci-.ii'.l'ithdsbi's’v'.- 

, ' t - V v.;'"‘.rLT;.:7->- 

. -• cv». ! 

, ;r on.' steep 1-ana;., 

solic soil^-.' 


19 orthic acrisols. . 

15— 16-"l6p Red - 

12 ^ed' and. yellow 


Dystric hilqsols, 
Perraiic cambisols 

yellow podzolic 
soils 

podzol'i'c soils 
on acid rocks 

t 



13 Red and yellow 

.'”r r [- -**■ 

V t . ^ , * .» 


.. 

, podzolic soils 
on old alluvial 
sediments 


2«- Eerfi'c acrisols, 
Patrac phase 

j:„ -V^ 1 V 

15Lo Red - yellow 
podzolic soil 
with lateriti 

s 

c 



gravel 

\\ 


21 ’^’errie ’ acrisols i 
Plinthic acrisols 


14 Grey podzolic 
soils .on old. -i 
alluvial sedi- 
ments 

4 Lateritic clays 

22 Glevlc acrisols. 
Dystric planssols 

7 Low humic gley 
soils 

15 Low humic gley- 
soils on old 
■ alluvial 

Cultivated hydro- 
morphores soils 
6 Grey- hydromor;phtp.'. 

23 Gleyic acrisols. 
Perraiic .cambisols 
Ferric acrisols 

9 Low huo'ic gley 
> soils and red- 

yellow podzolic 
soils with 
laterite 

sediments 

■ soil’s ■■ 

3 Planosols 


15 
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Lower Mekong basin 

THAILAND 

VIET-MAM 

1 KAMPUCHEA 


17 Reddish-lbrown 


!" " 

2 Latosols 

Chromic cambisols 

later! tic 


(Western) ' 


soils 




13 'Red bro,wn earth 



25 Orthic -ferralsols 

19 Red and ye'llow 




latosols 



2* Rhdd'i'c f'erralsois 

19 Red and yellow 

19 Reddish-brown 

2-Latosol.s 


'I'atosois 

latosols on 

(Eastern) 


• 

basalt 


27 Rhodic ferralsols. 


20 Red' ’and yell-dw 

2 Latosols (South- 

Orthic ferralsols 


latosols on 

Eastern) 



' basalt 




23 Reddish-brov;n 




. latosols .and 




red latosols 




' on basalt ’’ 


28 Acric ferralsols. 


21 Earthy red 


Orthic ferralsols 


latosols on 




basalt 

i 

29 Dystric histosols 


25 Peat and'ihuck' 




.soils 



Note: 


Figures correspond to the numbers given to" the' uni-ts- used in the'- 
various soil mapSo 
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C, ' LAND CAPABILITY MAP , 


Ip.' t Definitions 

Soils described in the pedo~georaorphol6gic map are grouped in 

this section according to their capability for rice -cultisfation an'd-- 

rain-fed crops. Their classification is based on the simplified methpd 

presented in the "Soil ‘Survey Interpretation HandbooJc for Northeast 
/ ' * ' 

Thailand/ Part II”, Soil Survey Report Mo, 60, 1967,. by DpL, Gallup, 
Srilak Kashemsanta^ -and- Avudh Pimpand, 

- Capital U corresponds to land classes suited for rain-fed 

crops, 

- Capital P corresponds to land classes suited' for rice (aquatic) 
cultivation. Rain-fed rice cultivation (i,e, without b\inds) comes under 
rain-fed crops, 

1.1 Rain-fed crops 

, \ 

Soils very 'well suited for rain-fed upland crops. No 
,limi-ta tion o 

Soils well suited for rain-fed (upland) crops. Pew 
limitations, 

Soils fairly well suited for rain-fed (upland) cropsi^,- 
Limitations: moderate. 

Soils poorly suited for rain-fed (upland) crops. Serious 
limitations restricting the choice of crops and/or 
reqairing special cropping techniques or conservation 
practices, 

1.2 Rice cultivation 

Glass PI - Soils very well suited for paddy land. No limitation. 

Class PII - Soils well suited for paddy land. Slight limitations. 


Class U-I 
Ciass U-II - 
Class U-III - 
Class U-IV - 


/Class Pill 


11 
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Class .P-Lll ~ S'oils fairly well suited for paddy lando Moderate 
limitations o 

-Class PI-V ‘ - Soils poorly suited for paddy lands. Serious limitations 
restricting the choice of crops and/or requiring special 
cropping techniques or conservation practices , 

II, 'tiescrlption of land capability’ units 

Each of these units covers one or several of the soil described 
in the pedo-georaorphologic map and presents in practice equivalent agri- 
cultural capabilities, 

2»1 Regions mainly suited for paddy cuLtivatlon 

Unit I i very well suited for paddy land and moderately for rain-fed 
(upland) crops. Land capability classes; PI-UIII, 

This unit corresponds to raollic gieysols (unit 8) and gleylc 
luvisols associated with orthic luvisols and eutric gieysols (unit 17), 
These fertile soils- have- as a whole no major llmititlons, 

Uni-t II : well suited for paddy lands. Limitations result from 

flooding with salinity hazards in coastal areas. Land 
capability class; PII, 

Are as covered by this unit; 

- undifferentiated ’soils (unit 1), eutric f luvisols, saline 
phase, associated with eutric gieysols (unit 3), Highly fertile, these 
soils can become very productive when protected from flooding, 

■ f '.T.-l- , ’ 

- EUtr-ic' gXeysols (unit 6) and eutric gieysols associated 
'v^ith mollic- gieysols '{unit 7), Of a rather high fertility, these soils 
can be very well suited for paddy land if water control is provided. 

Unit 3 : well suited for paddy land and moderately suited for rain-fed 

crops on better drained uplands. The major limitation 


Ir 


/results 
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results from drying of the soilSo Land capability .classes: 
PII-UIII , 

This unit corresponds to pellic vertisols associated v/ith 
chromic vertisols (unit 13) » 

Unit 4 : -moderately suited for paddy la'ndo The low water retention 

capacity, the low fertility or the high acidity of these 
soils are the.main^ littiiMrig- factorso ' Land' capability 
class: PIIIo 

This corresponds to; 

- Thionic fluvisols associated with humic gleysols (unit 5)» 
Their generally -very high ’.acidity may make them' unsuited for agriculture. 
They are very badly drained. 

1 

■ ■“ Gleyic acrisols associated with dystric planosols (unit 

22). They have a low fertility and are poorly drained. 

- ' . ■ ' ' •' ■ • 

2c 2 " Zones mainly suited for rain-fed crops . 

— . 1 ■ ■ • 

Unit 5 : moderately suited for rain-fed crops» The low fertility -of 

the soils and their flooding are ^ the main limiting factors. 

- ' Land ’capability class; UII. 

This unit covers; 

- Eutric fluvisols (unit 2), very fertile and particularly' 
Well stilted for orchards. 

- Dystric nltosols (unit 24') associated with chromic 
cambisols have a low fertility but very good physica-1 properties. 

Their drying out during the dry season_is one. of the main i limiting;. factors. 


‘f 
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Rhodic ferralsdls Cunit 26) have, as far as their 
-chemistry i-s concerned, a rather lo\\r fertility 'but' they give ‘the best 
cultivable lands of the basin^ This property results from thexr very 
good physical characteristics. They are particularly well suited for 
: industrial crops. 

Unit 6 : Well suited for rain-fed crops and moderately suited for 

rice cultivated on flat areas. Land capability classes: 

UII-PIIl. , , . . 

- .* • . • * ' 

. 'These are formed by rendzines associated with pellic 
vertisols and calcaric cambisols (unit 12,)-o These soils 
have a high fertility but their shallo.wness and- their ■ 

‘strong desiccation • during the dry season are limiting 
factors as far as agriculture is concerned. 

Unit 7 ; moderately suited for raln—fed crops. . Their, desiccsttony' . 

low fertility, and easy erodability are the, main limiting 
factors. Land capability class: UIII. 

This ’uMt covers: 

- Gleyic cambisols associated with gleylc luv-isols (unit 15), 
these have a limited agricultural value and are usually used for fruit 

• «r 

cultivation and for a few food crops that have- poor yleldsi' ’ Hovfever, 
most are uncultivated. 

■Ferralic cambisols, associated with ferric acrisols (unit 
16) , have a low fertill.ty. 

L' ■ ‘Ortfiic acrisols associated with dystric nitosols- and 
rfer^f^lic'’camMsois (unit i9),‘also have a low fertility.. .Orthjlc acrisols 
are ;too ' s'ahdy, too stcnyj or located on steep slopes, and are best used 
for pastures or forest reserves. 




/Ferric 



- Ferric acrisols, associated with plinthic acrisols (unit 21), 
are poor and often too dry® ,They erode very quickly .on the slopes of 
some Vteep valleys. Most of these soils are uncultivated® The- vegeta- 
tional cover is mainly open dipterocarp forest, i ; , 

- Orthic ferralsols (unit 25) have a low fertility. Characteris- 
tic steep slopes are one of the important limiting factors® They are 

well suited for fruit trees with deep roots. , , ' ■ ’ ■ 

■ The agriculturar potential of rhodic ferralsols associated with 
orthic ferralsols (unit 27) are limited by their very marked topography. 
V^ater and soil conservation are required to make these. soils productive. 

~ ■ Acric' ferralsols, associated with ofthic ferralsols (unit 28), 
have a -very low fertility. Soil and vjater conspryation is essential. 

2.3 Zones suited for paddy lands and rain-fed crops 

Unit ! 8- •-f.-- i ' Moderately suitable for paddy land and rain-fed crops. Land 
-capability classes: PIII-UIII. - ■ 

This unit corresponds to gleyic acrisols associated with ferralic 
cambisols and ferric acrisols (unit 23). The main limiting factor is 
their -low fertility. - 

2 .‘4 Zones poorly suited for crops 

U nit 9 : poorly suited for rain-fed crops and paddy lands. Severe 

limitations. Land capability classes: PIV-UZV. 

- The very high acidity and the poor drainage of' thionic 
fluvisols (unit 4) and dystric histosols (unit 29) and the high salinity 
and poor drainage of gleyic solonchacks associated with thionic fluvisols 
and eutric fluvisols (unit 14'), make these unsuited for cultivation. 

Htrniic gleysols associated with dystric gleysols, laterite 
phase (unit 9), have a low fertility, are poorly drained, and are shallow. 


/Unit 10: 
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yril't 10 ' : poorly suited for rain-fed crops., Severe limitations.. Land 

capability class: UIV. 

I’he shallowness- and ^tonine'ss of litosols associated with 
h^plic phaeozems (unit lo) are limiting factors for rain-fed crops. 

- Luvic arenosols (unit 11), are too sandy, too dry, often 
too- stony. and oE a 'very low fertility* and are therefore not suited for 
agriculture. 

- •’ Or.thlc ' acrisols j'- a'ssociated with lithosols (unit 18), have 
a low fertility, are shallow, stony and located on a very. marked topo- 
graphy, and are therefore poorly suited for crops. 

- - The presence of laterite on the surface -of ferric .acrisols , 
laterite 'phase (unit 20) is an important 'limiting factor. 

III. Annex: Rice cultivation and rainfall 

In practice, nearly all rice prddvced in the lower Mekong is 
grown during the rainy season.' Rice- cultivation, mainly rain-fed, 
.depends on rainfall which may be- relatively scarce, e'specially during 
■ the first part ‘of- the -rainy season. 

The volume of - precipitation and its, .dis.tribution -o-Ver the 
rainy season varies considerably from one region to tke other according 
to various factors such as the distance from the sea,, the latitude, the 
elevation, the exposure to prevailing monsoon winds, etc. 

In order to delineate regions best suited for rain-fed rice 
cultivation, an analysis of -monthly precipitation data supplied by 141 
rainfall stations was 'Ccirried out for the months ‘ during which rice is 
cultivated; these data were compared with rice .water requirements. It 
was assumed that local rice varieties require a minimum of 120 mm 
rainfall per month, with this criterion applying at least four years 
out of five. 


/ To de31Lhea3:e 

S’ 
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To delineate areas where rain-fed rice cultivation is gra^tic- 

•o- . - . • ■ , V. < , . --V -V • f ‘ ; • 

ablfe ■ the' f olTowihg factors v/ere considered;, 

y (a), ^ Number vof .mpnth^^<3uring, .vhieh-, precipitation- is above 

.'..120 .mm; , 

(b) Duration of periods of drought during ..the rainy season; 

- ... - '■ '• ■■■ • 

Xc) Date .of, th,e beginning, -and' the end', of . the rainy season'; 

• 

(d) Macro-relief of the basin; 

■Ce) Knowl.edge obtained through -practical-- bbservation. 

* i.- i* • V ' » ' ■ ‘ “ * • I 

“The "map attached to the, back cover of this ^ report, gives .ip a 
simplified version the results of this analysis. The basin is sub- 
divided Into four areas, according to suitability.^-for rain-fed rice 
cultivation : (I);, _unsuited,--j (II)- marginal,;; (III ») moderately -suited 
and (IV) well suitedo 

Zone I 


.This -zone “of drought . corresponds - to a v'-'icain -shadow".' --•are'a Oeast 
of the P,e.tchabun, El^ephant and .Cardamomes ranges') o V li-Ttliough’ cohs'-id'ered 
as insufficient because of scarce precipitation at- the beginhihg of -the 
rainy season, rain-fed rice cultivation is widely practised in these 
areas through the Irtgerxui-ty of -the farmers o Thus, for Instance, v/ater 
collected- dn thd' highest -plots is redistributed to lower plots where 


-r eplan-t.ingi begins - 


Zone II 

• - ’ i ' " 

^Cul-tivation is limited -to lowlands where, local 'seepages^-' added 
tg ra4n£all, makes.it possible.; to grov; rice during' the secondl-half of 
■the rainy season.. 




/Zone III 



This zone is relatively wall suited tor raln-ted rice cultiva- 
tionf especially in northeast Thailand where this type of cultivation, 
practiced for hundreds of years, is very qtiickly spreading to higher 
forest lands through simple, levelling and^cpnstruction of bunds which 
allow the accumulation of rain water. Yields are rejL-atively lov? and 
the irregularity of precipitation makes it impossible to cultivate 
every year the entire area of potentially cultivable, lands.- 

Zohe' IV 

The volume of precipitation is sufficient to carry out rain-fed 
rice cultivation in-. the hilly regions of -Laos-' -and ' of ' the south Vietnamese 
Annamitic Cordillera as well_ as in most of the Mekong delta. 

Note 

This study was done ’Dr, Y, Kaida, 
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ADDITIONAL STUDIES 


Additional studies proved essential ;for the. completion of.* 
the thematic map programme <• 

'i" These ''studies give' 'a better understanding o£ the natural 
environment, thus facilitating the preparation of the proposed thematic 

mapSo* 'Moreover, they give a better understanding of units that have 

» • ' ■ ■ 1 - 

been retained' and make it possible to map for the first time regions 
that are not yet properly known« These studies have mainly dealt 
with: 


sedimentation in the Mekong delta-; and 

-• sedimentation in the Nam Mun and Nam Chi basin (north- 
east Thailand) „ 

Entirely based on an interpretation of satellite 'images, these 
studies give an overall picture of the two largest morphologic units 
in the basin, corresponding to the Mekong delta and the Korat plateauo 

Images studied correspond to bands 5, 6 and 7 of the multi- 
spectral scanner. In general band 4 images have not been used because 
of their lack of precision. Results ware obtained from a systematic 
s-hudy of all pictures taken every 18 days (posi'tive black and white 
transparencies at the scale of 1:1,000,000 and corresponding composite 
colour transparencies) , 
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A= OUTLINE -dk' SEtUMfeNTATION'IETTHE MEK!ONG DELTA 


Xo Holocene delfca 

1,1 Very humid alluvial landscape 

on either side- of the delta are fouh-d'twor large .areas which 
are waterlogged in all seasons and covered by swampy vegetation.. 

’Iclol The Plain of Reeds ; Located in the eastern part of the basin, 
■it -is in a depression which collects waters coming from the north, 
wbich .are prevented from draining in a southern direction by the SW/NE 
fault passing through Ho Chi Minh'City and the Cay Lay/Tan An fossil 
shore line® Beyond are found soil's of the coastal complex which are 
well drained and dry for longer periods o. (On.' thematic' maps, the.iPlain of 
Reeds generally occupies a larger area than the area we mappedo. ' The 
landscape unit described here corresponds only to that part of the . 

Plain v7hicli is permanently waterlogged and withojit ,pld fl’uviatile 
patterns) . 


loloZ Chau-jPhu-Hatien-Rach Gia delta 

T 

This western part of the delta is always waterlogged and , 
uncultivable; if corresponds to an old delta, the fossil hydrographic 
netv/ork of wMchi'is stall visible. The main ams, which are especially 
clear on 16/12/'76 pictures because of their dark grey shade, start from 
the always-humid depression followed by the Stung Takeo, These hov:ever 
do not facilitate an efficient drainage of this area, apparently because 
of the existence 6'£ a barrier which runs between cfiau Phu and the 
western r.<^c,ky .hills (3/1/73 pictures show this Kalrrier as much drier 
during ^this ,season):_o,-; The barrier is followed by' th'e' ICinh Vinh T'e canal 
which shopld ^tself, be an obstacle to the flow of water in' a sou'themly 
direction, 

in "view of the extent of this swampy deltaic area, and of its 
ancient arms, it can. be assumed that the Mekong followed this path 
in the Holocene period. 


/lo2 



58 - 


1,2 Allnvial landscapes with variable humidity _• 

These can be dlTided Into three separate units o In view of 
the lack of data^ we are making use of the f gifl. owing. .^^aiher general 
terms: modern, semi-recent, and ancient, 

,^l 4 2ol . Modern.-- alluvial - landscape, (modern- delta)' '' 

' -In' tlie‘‘. Mekong arms' region, i,eo from Sadec to the coastal 

complex, 8/5/72 pictures show a mosaic gf. small light .spots (dry. soils) 

and dark spots (humid soils) as well as the generally parallel...al±gnmGnt 

of the river' arms.. These formations .can be considered as fossil'-iali'uvial 
’•r ' ' ,L .1 ‘ ' 

i'evee’s resulting from the successive .shifting of . the iMekong,- their."' 

"■northern limit' being the old Cai Lay-Tan An sea coasts 
■ 1 ■ ■ ' ’ ' 

Np- similar i-andscape has'^beed' found' in the- Song Hau Giang 

-rragion. • Pt seems -that‘*the 'b'ed' "of fhi’S arm of ‘the Mekong, which runs 

inua.' straight “l‘in'e over a long dista'nce, has never shifted significantly, 

Only^ -ver-y f-'ev; -’-foss-rl '^river alignments ,' very close and parallel to^ the 

river, are apparent here and there. 

It is probable, however-, that the. alluvi^i (i'eveeilocated 
halfway between the Song Hau Giang and the , Song,., Co Chien- corresponds 
to a form^'bed' of the Song Hau . Giang, ^ Thg pattern of the sh.qrei-lines 
■'shows that this bed v;as ogly used during a part of -their formation, > 
'“According to the pictures, ,lt is the only sign ..of . a,.,£ossil < al-luyial 
' formation "in ‘the western part of the delta, 

\ 1 I • 3 » ' 

112, 2' Semi'— recent alluvial landscape ..Cs.emi-recent del.ta).' - 

In .the; eastern j>art -of the- 'ds'l.ta between ol-d-Pl'eistocene ' 
alluyiums-iof the Mekong and .the- modern delta, satelii'te pictures 'sTIow 
a., complex s.ystem. of alluvial ievees .(which appear irr 'light ''shaded 'iince 
they are better drained) and more hwnid areas (in darker shades-)".'' 

Their pattern corresponds to the old forms of an important hydrographic 
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network, the layout of which is generally difficult to .understand 
since it is related to soil humidity which -varies widely , in this 
region^ A systematic study of all pictures is requiredo 

This network of arms ' is par-tially linked with the Mekong 
near_Hong Ngu.. The area" seems to correspond to a barrier which 
prevents ‘an efficient drainage of Mekong backswarap areas into the . 
Plain of Reeds depression^ All that normally remains during the 
dry season is a narrow and wet gully linking the two depressions . 

1/4/.75 pictures show alignments wh-i-ch most probably corres- 
.pond to ancient alluvial levees running more or less ' parallel to the 
Vam Co Tay» In view of their ■ general orientation, the existence of 
an extensive hydrographic network originating in the 'Vam Co Tai water- 
shed can be assumed.o 

1.2„3 Ancient alluvial landscape 

In the western part of the delta (Chau Phu^Hong Ngu-Sadec-Can 
Tho-Rach Gia area) none of the patterns previously oi 5 served- ‘(except 
near the song Hau Giang) can be seen» The landscape, is however, 
characterized by a regular wet front which progressively withdraws ■ 
in a southerly direction during the dry season. Thus the soils of the 
nor-thern regions .(Chau P-hu-Sadec-Rach Gia) are dry during most of the 
year. The Mekong and the Bassac tod^y ; f low- on these- alluviums. ” 

In the Long Xuyen-Can Tho area, on both sides of the Song Hau 
Giang, ah extensive area of permanent humidity is- .observed. .It' can'- ‘ 
appafeptly be related to tides and to the absence of alluvial levees. 

lo 3 Coastal complex 

.Prom the mouth. of the Song Nha be -to Rach Gia, satellite 
^pictures shov; an extensive coastal complex."' 
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Prom the south of Ho Chi Minh City and up to the. Song My Tho, 
it -i-sv dif£i/cul?h -to- ' make out whether the pattern belongs to a systjem 
of phore lines' or of. ailuVial levee's. "In view of the shape of ancient 
or recent shore- lines' bbser^e'd'-’ further south it seems, however, that the 
divergent alignments of the river could be attributed to -.old shore 
lines.' "This assumption is confirmed by the .fossil '>shore of . Cai -fay- 
Tan Ah" Which "has been studied and dated by Fon-fcai-ne .at 450,+-jll<D' 
year^ befo're the present. 

'Between the Vam Co Dong and the Song Nha Be, the alignments 
take a wes.t*-east orientation.' :These correspond 'ei-ther" to alluvial 
levees, , slowly disappearing in-> the Plain'- -'of Reads, or to t5ie extension 
of some .of the shore- line-s- previously d'esefibed 'with 'a change in 
orientation near. ,the .vam Co Tay^ , West of Tan Han, the' north’- south* 
alignments could apparently be related to a system of shore ixfie's tin- 
conformable with the Cai Lay-Tan An shore line running further sou-th, 
and disappearing as they reach the;^El;a±n‘.of -Re'e'Ss ‘.ln--the- -ndrtho ' 

' » • 

- f.'During' the ‘-djiry se'asori, this area is' characterized .by. a .deel> 
drying. _ /of ■ ‘'the''' -soils which creates a sudden difference with _fche 
alwaysirwet -pla-in- of "Reeds area and relates it to the dry soils of the 
coas.tai.; complex"'* appearing fu'rthef south. 

Beyond^ and, up bo- 'trinh-’Long,- the form' of the andieht ‘a’rid recent 
shores are. especially,' clear..' •' •n'; 'ridgfe-b ‘Shel-tered--''from fioods'’ are 
generally concentrated human settlements and road networks. ^ Their 
••pattern as'-- a whole-foilows ' that of the present coast. Graphic . 

unconformabilities •whi-cii' can be seeri^' show a regular progression..of , the 
delta-towards 'the sea. (The shore line 'that is located furthest toward 
the sea stops the previous one). These also show that the various r 
modern arms of the Mekong seem to have operat&d"w±th'out'' ftiajor changes 
during, .the whole .period, of formation' "of the coastal complex visible on 
satellite pictures. Between- shore lines of ten ’occur m'ajor-'and always 
wet depressions. Close to the mouths, some of these, are regularly 
flooded during the high tides. 
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In the wes'tern part or the delta, the shore patterns are 
more difficult to distinguish. Inland, these are no more represented 
by isolated patterns, and some appear on only a few pictures. Moreover, 
south' of a line approximately running from Rach Gia to Cantho and Vinh 
Loi, the soils show generally a much more Important hmidity v^hich may 
have various causes; sedimentation and tides varying pn western and 
south-eastern coasts (amplitude 1 m in the west and 4 m at the mouths 
of thef Mekong') subsidence, and others'. 

The extent of marine formations is certainly .much more important 
than shown by the satellites. ,Mr. Fontaine- mentions foraminiferous clays 
at a depth of 7 m at My Phuoc (south of,, Cantho). 


II. . _ River landscape upstream from the Holocene del,ta 

Up- to the -Vietnamese border, the Mekong and the Bassac flow in 
an alluvial plain which is waterlogged and formed by backswamps running 
along -these two rivers. On"all pictures, these correspond to very dark 
shades evidencing a p'ermanent and very important humidity. This 
'landscape' unit is m'oreover characterized by river bank levees, the 
importance of which could appear as abnormal. A study of 16/12./72 
pictures shows that the lighter shades, corresponding to these levees, 
are located on both sides- of a large number of small filling-up 
(colmatage) channels originating in the river. These result from a 
sedimentation of clayey materials suspended in the waters of the Mekong 
when these mix with very '-acid -waters' of "th'S river backswamps. As a 
whole, these sediments give an important but ••artificial aspect to the 
alluvial levees of the Mekong and the Bassac. _ 

III. Pleistocene period 

3.1 Alluvial terraces 

In its northern part, the Holocene delta is limited by formations 
belonging to an old alluvial plain of the Mekong (old terrace) which 
probably developed during the Pleistocene period. On dry season pictmres, 
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this is shown hy very light shades, (resulting fro,m a yery -extensive 
occupation of the soil hy rice fields and from, the l.ow humidity of 
the soils) which create a contrast with the generally, darker shades.^ 
of more humid formations cons.ider.ed as belonging., to the Holocene 

I."'/ ' 

periodo 

leVels can’ be'- distinguished: 

- A low terrace, characte.riaed during, the dry season by 
complex and humid patterns of meanders corresponding to a fossil 
hydrogfaph'iy'he’bwbrk (more or’ less active’ in some' pa'rts o’f the region 

■ and' during certain periods of 'the rainy ' se’ason) v/hich has a generally 

north-south orientationV- ''Considering the 'extent ’of some of’ these 
patterns, it could be assumed thatrth'ese are part of a major hydro- 
graphic network o. - They alsb—charac'terized- by intensive-flooding 

during the rainy season. ’(.10/1-1/72 pictures .are pa"rti'cularl'y informative). 

’ - A high terrace, located in .the western p.art .of the country 

and limited by a line running approximately from P.hnqm Penh to Kqmpong 
Tracti. It differs from the previous unit by, deeply anas.tomosed overland 
runoff lines generally oriented in a vjest-east dlre.ctlon and .by. minor 
floodings. This terrace may eventually appear also .in the north., apd. the 
east but satellite pictures do not make it possible to confirm t.hiS-._ 
assumption. 

■ 3. "2 ' Alluvial plains of the Ho Chi Mlnh City region .,. 

In the Ho- Ghi-’-Mihh City'fegion, 1/4/-75 pictures show valleys 
with very dark shades and therefore very humid, rimnirig in a straight 

-line over long distances. These correspond to the Vam Co Dong and 
the Saigon flood plains through which runs a ‘system of- .canals -correspond- 
ing to a system of NNW-SSE faults. 
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In addition to their' privileged orientation,- - these are 
characterized, at least in their downstream p,artj, by their great 
width which does not seem -to be in proportion 'with ’the importance ;o£ 
today's riverso A marine inflieence in their genesis is hot impossibleo 

° Morphologic alignments 

In addition to the already known alignments, satellite pictures, 
by their repetition, show alignments vjhich only appear at certain specific 
periods- through the conjunction of various hydrologic and biovegetal. 
conditions « 

4„1 Son Hau Giang alignmen’t- 

Generally oriented in a NW-SE direction, this alignment , extends 
in tke north-west with the Stung Takev, practically limiting to the 
south-west the very humid depression followed by this river (3/1/73 
picture) o Further, one finds that extending, this line v/ill lead- to 
the straight line upper course of the Stung Cheango According to Manguy 
(1968).., '^this would correspond to the axis .of a; high Korat— Kchol-Con Son 
regiono This axis seems to play an important role in the sedimentation 
of the Song Hau Glang= It would sufficiently channel the cours.e of 

, J. 

this river to prevent it £rpm shifting its bed (with the -exception ■ of 
the fossil arm mentioned on the left bank) It seems that a movement 
of this axis, with a collapse in eastern regions, might have caused the 
short circiiitlng of the Chau Phu-^Hatien-Rach Gia deltas 

4c 2 Phnom Penh -alignment 

The Bassac is channelled by a 
slightly west of the capital city,, It 
mentioned by various authors. 


NNW-SSE alignment which runs 
Gorre^P.ondte-wto a fault already ' 
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4.3 Yarn Co Dong and Saigon alignment 

In -the eastern part 'of the delta, satellite pictures show a 
series of-NW~SB alignments 'which run parallel to each other and are 
followed 'by the 'present hydrographic network. In Kampuchea, flooding, 

which is seen to take place in Pleistocene formations, is stopped in 

^ 1 

the east by these alignments. In Viet-Nam^' the western- ^compartment is 
always more humid, 

■ These alignments are considered by the author. as faults affecting 
the western regions, 

4.4 Ho Chi Minh City-Sadec alignment 

Running in a SW-NB direction, this alignment appears clearly 
on LANDSAT I pictures ■ of 2/1/73 and LANDSAT II pictures of l/4/75p 

At its eastern end, this alignment links Pleistocene and well 
drained alluvium ' that appear on the surface in the north With recent 
•and very humid .alluvial deposits of the south. In the west, it constitutes 
the northern limit of *^the humid Plain of Reeds depression, linking it with 
better drained marine and' "river deposits, ’ Beyond, it Is much 'more 
difficult to follow-, • bt does riot seem to-' have any influence on alluvial 
deposits of the modern delt'a, but' an important 'elbow 'of the Mekong 
app,ears in its extension (north, of Ylnh L'ong), 

This alignment,- can; be .assimilated to a f.ault which- brought about 
a collapse of the northern part, thus preventing the drainage of the Plain 
of Reeds where disappear littoral and fluvial, formations-, 

4.5 Hong Nqu alignment 

North from Hong Kgu, l»/ll/72 satellite pictures show a W-SE 
alignment, which, if it corresponds to a structural direction, could have 
played a role in the formation of the semi-recent delta, to the extent it 
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isolated the fossil hydrographic network originating in* this area from 
the Mekongo 

. Present -sedimentation of the Mekong 

An outline of the present sedimentation of the Mekong is possible 
through an Interpretation of satellite datao 

"The use of multispectral colour transparencies is particularly 
useful in this field. Sediment carrying waters give bluish shades 
while clear waters are black. These differences make it possible to study 
the_ movement of sediment- laden, waters. 

Study of the 10 November 19,72 .flood in the Phnom Penh region 

Floods observed in the low Pleistocene terrace on the right bank 
of the Mekong do not seem to originate fr.o®c.the river, -proper but from 
tributaries and lateral runoffs. From Phnom Penh to the Stung Takev, 
these waters partially flow into^ backswamps located on the right bank 
of the Bass'ac, In the south, they flow into the Chau Phu-Rach. Gla-Hatien 
depression after going between the granitic hills which are found in this 
region, ... ' - . , 

The Bassac waters stay clear even after mingling with the. muddy 
Mekong ^^aters’ near Phnom Penh, They do not take up sediment until they 
reach Viet-Kam, when they flow into an arm of the river (Vam Kao), north 
of Long Xuyen, > , . 

in the same manner, on the left bank floods are limited to the 
Pleistocene alluvial terraces. They are particularly extensive in the 
plains of the Vam Co Tay watershed. During high waters, this basln„seems 
to communicate with the Mekong through a natural channel located between 
the basaltic range of Peam Cheang and Khun Russel Sunh, An evaluation 
of the Inputs of the Mekong waters in this inundation plain subjected to 
high rainfall is difficult. The largest part of the floodwater is drained 
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in a sputh-rsasterly direction and up to, the Plain of Reeds.- hy' the 
Vai Co Tay and its tributaries. 

A part of the sediment-laden waters of the Mekong follow the 
Tonle Toche Alluvium is then deposited in the bacfcswamps of the Mekong 
in' the Prey Veng region. 

During the November flood, therefore, .there seemed to be no 
important alluvial inputs directly originating from -^e Mekong and 
the Bassac, in the backswamp depressions of these two rivers. 

On 16/12/72, floods no longer appear on the terraces which^ 
however, remain waterlogged. Traces of alluvium seen in backswamps 
once again without, significant modificatlenso ■ 

Floods in the Holocene delta - 

Dxuring the month of November, muddy waters do not leave the 
bed of the Mekong up to its mouths where sea currents carry alluvium 
• thrown into the sea in a south-westerly direction. 

However, 22/10/72 pictures shoxj a turbidity corona in the 
Sadec-Vinh Long area and 6/8/73 pictures show, near the mouths of the 

* i » ’ ' 

Mekong, a large input of sedimented water in depressions located 
'5 between shore lines i 

It therefore seems that during the month of November ( end 'of 
the rainy season) , most of the Mekong alluvium is directly taken from 
the Tonle Tech fork to the sea. A full and in-depth study of floods 
of the river would require a complete and cloudless time series of 
satellite pictures. Moreover,' the 18-day interval between each picture 
seems to be far tbo loiig for a precise consideration of the evolution, 
of Mekong floods. 
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VI'o -Sucface hydrology in the, Vam'Co Tay watershed 


* 


Pictures from the end of the rainy season shov; a zone of 
preferential flooding (or more significant and .persistent- humidity) 
extending north-easterly from the alimys waterlpg.ged Plain of Reeds-, 
d?his zone bends in a northerly direction close to Prey Veng' and ends 
against the basalt ranges of the Khum Suong-Krek area, beyond which 
are _f.ound the flood zones of the MeKong, In tiie west',' the regions 
constituting the limits of the Vain Co Tay and Mekong watersheds can' be 
flooded- or - very humid -during- the peak 'of the floods. 


During the dry season, the Vam Co Tay plains are characterized 
by areas of high permanent humidity running in.^.a NW-SB- direction and' 
certainly due to an important fossil hydrographic network. 

It would seem that the Vam Co- Tay 'watershed- can be linked to 
an old Mekong valley interrupted by- the occurence of basalt' flows (which, 
according to J,P, Carbonnel, would have appeared - some 650,000 years ago), 

V(e think that the Mekong tends preferably to,, link w-ith the ' 

Vam Co Tay basin in the region located between .Korapong Cham and Khun 
* ' , ‘ 

Russel Sanh, 

The Vam Co Tay watershed and the Plain of ileeds, • through* their 
hydrologic relations with the Mekong and.. their recent hydrologic his.tory, 
are closely linked with the lower Mekong basin. 
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Bo OtTLINE OF SEDIMENa?ATION IN THE NAM MUN AND NAM CHI BASIN (NORTH 

eastern ■ PROVINCE S "op: THAILAND ) 

■ • ■' This dutiihe' is primarily based on an interpretation of satellite 

pictures, but -also includes groUrid oKserVatiohs and the study of aerial 
photographs = V' 

The. .Nam Mun and Nam Chi rivers flow through the southerh half 
of .one of the main morphologic units of Thailand, fchowh' as the -"Korat 
plateau". The study of satellite pictures shows that the ' basin of these 
two rivers can be subdivided into several units. 

I. Pre-Quaternary landscape 

This corresponds to outcropping formations belonging to the 
Mesozoic era (sandstones, marls, and conglomerates. .)■ and concretized 
.,by the sometimes imposing topography of the Phu Phan and Dangrek ‘ranges. 
Shaped as a synclinal depression, it is progressively covered to'war'ds 
its center by the Quaternary alluvium of the Nam Miin and the Nam Chi. 

Where it has' not been" washed 'off by erosion,a mainly sandy layer, of a 
generally light beige colovir sometimes covers the sandstones and marls. 

Sandstones are crossed by an intensive network of faults or 
. j.oints, ’ often channelling the hydrographic network. It seems that the 

. • • • ^ , 'i - 

s.ystem of cracks and alternating sandstones and marls determines . the fish- 
bone shape of the hydrographic network observed in many places. 

In relatively flat areas (undulating to gently undulating), it 
is sometimes difficult, on satellite pictures, to differentiate pedologic 
formations covering the substratum and fluviatile sediments. The typical 
pattern of the hydrographic network is the best criterion for differentia- 
tion. 
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Upper fiuviatile -herrace 

“Phis terrace, which has the highest elevation, i's located 
upstream from the basin at an' average elevation of 220 meters » Its 
elevation decreases slowly in a downstream direction to reach* ah 
altitude of about 160 m (In areas where we could study it) , There 
are many indications of these river deposits.,.-.- Those .w.e could see ' 
form a practically continuous strip of eroded outliers found mainly 
on the left banic of the Nam Chi and the .right-, bank of the Nam Mun=,-' 

The main, characteristics appearing most of the time are; 
highly 3nX,befied sands; 

important loose. lenses of pebbles -with abundant quantities 
of petrified wood, some reaching the -dimension -of a. tree 
trunko Two types of trees iCan. -be distinguished: trees 

apparpntly subcontemporar-y to river sediments ^ and' better 
petrified and less voluminous trees belonging'to the 
Mesozoic era and resulting from the degradation of the 
Mesozoic limestone series; 

a lateritic layer. where pebbles are sometimes cemepfeed, 
showing eyidence .of a prolonged , exudation of -the nappe. 


We believe that these sediments constituted a continuous 

fiuviatile nappe • covering the- basiii of t^le Nam Mun and the Nam Chi except 

• - . -w v-f 

for pre-Quaternary sandstone reiiefs‘'v;ith higher elevation than thxs ' 
terrace, such as the Ban Phai, Borabu, and Roi Et upthrusting. Traces of 
these old river formations are visible even now 'between, -the tv/o rivers. 

In addition to elevation,, studies are also be based on 1:100,000 pedo- 
logic maps since the red-yellow latospls are generally foi^med- on this:' 
type of alluvium. 
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According to JoC. Carbonnel, these fluviatlle deposits 
correspond to the terrace + 20 m of t*e- seri-es of- flwiatile terraces 
found all over southern Indochina » According to this author, their 
formation has certainly taken place during the mid-Pleistocene or- even 
upper Pleistocene era. 

Ills Lower flUviatixe terraces 

Satellite pictures show fiuviatile sediments which stand' as 
intermediaries between flood plains and upper terraceso 

These very flat and of ten hardened (lateritic) formations are 
generally covered by dry dipterocarp forests. They are also characterized 
by sometimes very wide alluvial and often fossil valleys. Their importance 
is not related to the present hydrographic network, since they correspond 
to a- former period of intensive alluviation. It would seem therefore 
that there is a system of low terraces which could be incorporated to 
the ‘low terraces 10 m in the time series proposed by JoC, Carbonnel, 

IV, Flood plain 

The Nam Mun and Nam Chi flood plains are easily identifiable 
on satellite pictures, - They are characterized by the- very light shades 
of the Nam Chi river Cvery v/ell drained lands intensively occupied by 
rice fields) and by -the darker shades of the Nam Mun (poorly drained 
land, always wet) , 

Extensive flooding of the Nam Mun valley is partially con-trolled 
by the dams built in the Nam Chi valley, 

V, . . Depression landscape 

The -area extending approximately from Kaset Wisai in the west 
to..Ubon Ratchathani in the east and limited by the Nam Mun In- the south 
is characterized by; 
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ORIGINAIi PAGE' IS. 

OF, POOR QUAIM 

' * ' 7i ■ 

-- many fossil and meander-shaped, patterns;, and 

many islets r:?oVere.d: ‘by ^an eyergreen type .of, --vegetatidn , 
food • crops ,, ^orchards .■ and auman j settlements o'' 

This region corresponds to the lowest part of the synclinal... 
depression of -the Korat plateau, tov;ards which flows the present hydr.o- 
grap.hic ..netw.orlCo ■ It is -ah -area -.of.-^ natural, s'edlirienta.ti'on ef or’ sediments 
carried 'by ..the jrdyers.o-..- 'Large mean^era haye jdev’elope.d.-.inithi-s: .peetiliar 
geomorphologic landscapeo 

In the east, this depression is only drained by the lower part 
of the Nam Mun river .which crosses the synclinal limb of Mesozoic 
sandstones through a- narrow valley before ending in the Mekongo 


The islets a.re composed of finer sandy loose and non-hardened 
material .('results of a fev/ observations which should be expanded in the 
future) o These soils are suitable for a richer vegetation than the one 
found on fluviatile deposits of the previous al.luvisl -!.'nd..of ten- lateritic 
terraceSo Topogr^plpLcally- located at a higher elevation’ than 'the' sur— 

' i , 

rounding landscape 'constituted by wide lowlands crossed by meanders, 

^ liV - - 

these formations coui-d correspond to run bank levees dissected by the 
successive shifts of river beds» 


River sediments which were deposited in this depression seem 
to be relatively recent if v:e take, as a basis the absence of the 
hardened layer found on fluviatile terraces » 


VI o Erosion surface 

Outlying this complex of Quaternary fluviatile deposits, and 
before reaching the Phu Phan and Dangrek ranges, ...atellite pictures 
show a relatively flat landscape^ Prom some of the characteristics 
(sandstone outcrops, pattern of the hydrographic network) it could be 
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assumed that the pre-Quaternary substratum is quite close to the 
surfaceo In the absence of more precise data, these landscapes can 
be linked to an eroded and certainly lateriaed -surface, resulting 
from the action of water flowing from neighbouring' ranges » 

VII o Conclusion 

This study, which could serve as a basis for more advanced 
field work, is only a very brief outline of sedimentation in a part 
of the Korat plateauo 
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ABSTRACT 


This report describes the computer program development 
carried out by the Regional Computer Center of the Asian 
Institute of Technology for the classification of the 
information, recorded on the Computer Compatible Tapes, from 
the LANDSAT satellites as they pass over Thailand and the 
Lower Mekong, Region. 


The RECOG computer program package was selected and 
modified for this development work. Three classification 
approached employed in the computer are Level Slicing, 
Euclidean Distance and Maximum Likelihood decision schemes. 


To demonstrate the capability of the program, which 
covered reservoir, estuary, deltaic area, mangrove area and 
road features were selected for the classification. Due to 
the difficult classification of the small subimages such as 
road and water way, an additional technique for image 
enlargement called the cubic convolution interpolation 
technique was added to the package. 
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I. INTRODUCTION 


Background 

This report is prepared in accordance with the 
agreement (1) made between the Asian Institute of Technology 
(AIT) and the Committee for Coordination of Investigation of 
the Lower Mekong Basin (MEKONG Committee) on July 31, 1975 
for the Regional Computer Center of the Asian Institute of 
Technology (AIT-RCC) to develop a computer software system 
which can interpret the information on the Computer 
Compatible Tapes (CCT) obtained from the LANDSAT and/or 
SKYLAB in passes over Thailand. Furthermore, software system 
must include data analytical algorithms which are based on 
pattern recognition methods utilizing statistical decision 
theory. In recent years a number of computer program 
.packages was , developed by several LANDSAT investigators in 
the United States to classify the multispectral data by 
statistical means. The purpose of this project is to adapt 
and/or modify available computer program package to operate 
on the AIT-RCC computer facilities and execute the 
classification approaches of forested area, estuary, 
reservoir and grassland. Of course, this development has 
done thus far was conducted jointly by the Asian Institute 
of Technology and the Mekong Secretariat. 

LANDSAT-A and LANDSAT-B satellites were launched by the 
U.S, National Aeronautics and Space Administration (NASA) on 
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July 23, 1972 and January 22, 1975, respectively. During 
each orbit, at an altitude of 915 kilometers, the LAKDSAT 
satellites view 185 krti-wide strip from north to south to 
detect and record certain radiant energy reflected from the 
Earth's surface. The sun- synchronous orbit allows 14 orbits 
a day and coverage of the same area every 18 days at the 
same local solar time, which is 0942 hours at the 
equator (2). Due to time offsetting, these two satellites 
together provide 9 day coverage of some places every 9 days. 

There are two sensing systems aboard the LANDSATS to 
detect the solar reflectance of the ground area at the 
visible and near infrared regions of the electromagnetic 
spectrum. Such systems are Return Beam Vidicon (RBV) system 
and a four band Multispectral Scanner (MSS) system. The MSS 
data has supplied vast information generating numbers of 
valuable applications (see Table 1) , 

Pour band MSS system installed on board LANDSAT-A and 
LANDSAT-B has produced the separated data at wavelength from 
, 5 to 1.1 micrometers . With the electromagnetic spectrum 
region shown in Figure 1, it can be seen that Band 4 (.5 - 
.6 ;um) and Band 5 (.6-. 7 pm) cover green and red bandwidths 
at the same time Band 6 (.7 -.8 ;um) and Band 7 (.8-1.1 ;am) 
are in the near infrared region. 

The number of bands or channels used with the MSS is 
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not limited by the range of the electromagnetic spectrum. 
It depends on the application purpose. For instance, high 
flight aircraft has a 12 channel MSS and the LANDSAT-C has a 
5 channel MSS. The Tabulation between type of MSS and the 
electromagnetic bandwidth is shown in Table 2, 


LANDSAT Multispectral Scanner Data 


The elementary unit of the LANDSAT imagery scene is a 
ground area of 185 x 185 square kilometers.' Information 
sensed is transmitted as analog electronic signal. The 
analog electronic signals, together with internal 
calibration measurements are transmitted to the ground 
station where they are digitized and formatted into a 
digital data stream. 

As information is recorded by the 4 channel MSS in the 
LANDSAT 's, an imagery scene is four separated data pictures. 
Each picture contains approximately 8 million piece-wise 
elements. A pictorial element, pixel, represents a 
numerical value of the integrated spectral reflectance of 
the ground field approximately 50 meters by 80 meters along 
the satellite path. The numerical value of each spectral 
channel which is currently normalized to the range 0 to 63 
is called gray shade. These gray shade values represent 
ground field properties and they are the numerical values in 
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the computer compatible tapes . 


Selection of Program Packages 

The available program packages for analyzing and 
classifying the MSS data with the statistical concepts are; 
LARSYSO) of Purdue University with computer IBM 360/67; 
WRL(4) of University of Michigan with computer PDP~8; 
KANDIDATS(5) of University of Kansas with computer PDP 15/45 
and RECOG (6) of Colorado State University with computer CDC 
6400, Each of the above packages has a certain degree of 
machine dependency with regards to the programming 
flexibility and the computer language usage. The machine 
dependency has to be considered since the computers used by 
each of the above packages differs from the computer 
facilities at AIT-RCC. 

The RECOG package of Colorado State University was 
selected for implementation on the AIT-RCC 's IBM 370/145 
because : - 

1) RECOG is a simplified version of the LARSYS and the 
WRL/ and combines their elementary classification 
schemes, such as Level Slicing, Euclidean Distance 
and Gaussian Maximum Likelihood. 
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2) RECOG has minimum machine dependent language 
features. 

3) RECOG programming- structure was designed so that 
each of - its work step is independent. Therefore, 
any additional work can easily be done without 
interfering other step operations, 

4) The Input/Output handling routines can be modified 
to take advantage of facilities provided by IBM 
370/145 and reduce the computer time requirements. 

Furthermore, the result of the work completed not only 
to adapt the mentioned package to the IBM 370/145 facilities 
at AIT-RCC but also to improve its Input/Output handling 
system. As a result, the computer time consumption after 
the Input/Output handling improvement took less in the order 
of magnitude than the earlier unchanged version. 


Scope of Work and Work Plan 


In carrying out this developmental work, the project 
program was planned in three phases as follows:- 


1) Study program functions of the RECOG package 
package and convert every machine dependent 
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language subroutine to FORTRAN subroutine; 

2) Set up input test data corresponding to the gramma- 
tical words used in RECOG on the raultispectral data 
of LANDSAT-A computer compatible tapes and improve 
the RECOG program package; such as eliminating 
redundant subroutines and re-organizing the 
Input/Output handling routines; 

3) With the supplemental study on ground truth 
observation carried out from August 1975 to August 
1976; the classification work would be performed on 
the LANDSAT-B computer compatible tapes over the 
areas which the ground observations were taken. 

Due to the time limitation and the inavailability of 
LANDSAT-B computer compatible tapes ; the work of the final 
phase was not possible. Instead/ the classification was 
demonstrated over the areas in the vicinity of Bangkok and 
the Gulf of Thailand. 


/ 9 — 
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II RECGG PACKAGE 


Historical Review 


The RECOG program package has been available at 
Colorado State University since 1972. The programming 
developments and the basic classification concepts were 
carried out by J.A. Smith and his working group (8) so that 
the simplified algorithms of the LARSYS and WRL were 
applicable on the CDC 6400 at the Colorado State University 
computer facilities. 

Initially, the RECOG organizer expected their package 
to work in both interactive and batch processing fashions. 
For the interactive mode, a RECOG user can use a remote 
terminal either to key in his desired command as an input or 
to display the statistical values as an output. With a 
colour television image display station, he can request for 
his image output display. Furthermore, the user can work in 
a batch processing mode independently by using the computer 
printer as an output device for both statistical value and 
image display. The organizers also aimed that all programs 
and subroutines of the package would have been written in 
FORTRAN language for easier transfer to other installations. 
Unfortunately, the package transference is inapplicable 
without extensive program modification due to the following 
three main reasons:- 
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1) The information content of the GDC 6400 computer is 
60 bits per word. This constraint sets the file 
structure, especially the MSS data file, to be used 
with 60 bit word computer. 

2) Time consumption and central memory constraint 
cause some of the program being written in GDC 6400 
machine language. 

3) The interfacing systems between the remote devices 
and the central computer CDG 6400 require some 
internal system subroutine. 

Since the commencement of the project, extensive 
modification on the RECOG package has been carried out. 


Modification of RECOG Package 


The objective of the programming development' is to 
develop a computer software system for interpreting the 
LANDSAT’s MSS data from the computer compatible tapes using 
batch processing mode. Therefore, all program instructions 
involved with the interactive mode were first eliminated. 
The following work steps in modifying the RECOG package were 


then conducted : - 
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1) Changing the MSS data file structure so that it 
can be accessed by a 32 bit word computer, 

2) Converting every machine language subroutines to 
FORTRAN subroutines . 

3) Setting up input test data corresponding to the 
grammatical commands used in each RECOG phases, 

4) Eliminating the duplicated subroutines which their 
differences were only the label common used in 
different program steps. 

5) Reorganizing the sequential input-output files of 
the package to suit a random processing procedure 
which substantially reduces the Input-Output 
searching time . 

6) Adding the cubic convolution technique (7) to RECOG 
package. The technique provides smooth computer 
print-out images and helps user in extraction of 
information in small subimage areas where 
individual pixels can be seen. 

The above mentioned modification of the RECOG package 
was completely done and installed on the AIT-RCC computer 
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IBM 370/145, To distinguish between the original RECOG 
package and the modified one, the modified RECOG package was 
named RECOGX. 


Classification Definitions and Techniques Used in RBCOGX 
Package 

The original classification approach used in the RECOG 
was defined by the LARSYS staff at Purdue University. The 
LARSYS and RECOG packages were prepared for the 12 channel 
MSS data with the technique called supervised learning. 
This technique which needs a trainable pattern categorizer 
is to be contrasted with unsupervised learning methods where 
little or no priori information is used before classifi- 
cation (6) . The only technical addition made to the package 
is the cubic convolution interpolation concept. 

The basic objective of RECOG is to recognize or 
classify the combination of the gray levels of the MSS data 
within the different electromagnetic bandwidths under the 
assumption that the gray tone combination of an interested 
view data collected at the different bandwidth can identify 
that specific field view from all others. Although the 
classification approach under such assumption is difficult 
to clarify practically for the real MSS data, the precision 
of work can still rely on either preprocessing trans- 
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formation applications or the appropriate selection of 
training data. 

Since all the mathematical descriptions employed in the 
RECOG package have been fully described in the Pattern 
Recognition Routines for Graduate Training in the Automatic 
Analysis of Remote Sensing Imagery manual publicized by 
College of Forestry and Natural Resources, Colorado State 
University, this report will brief the key functions and 
classification approaches employed in RECOG and the same 
mathematical notations described in such manual will also be 
used. Although the RECOG package has originally been 
described for the use of 12 channel MSS data, technically 
the concepts can still exist for the 4 channel LANDSAT data 
because it can be considered as a subset of the 12 channel 
data. The only distinction is the MSS data file whose 
information content consists of 4 separate data sets instead 
of 12. This is implied that the channel 1 to 4 in RECOG 
corresponds to Bands 4 to 7 of LANDSAT MSS data. For better 
understanding, the followed description will be pointed out 
by sample results shown in figures . 

In RECOG, there are six computer-aid techniques linking 
the MSS data to the three classification concepts. These 
six computer-aid techniques are 
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“MSS Data Representation (Gray Map) 

-Histogram 

-Statistical Value (Covariance or Correlation Matrix 
Mean Vector and Standard Deviation Vector) 

-Channel Graph Plot (Class Histogram) 

-Statistical Graph Plot (Class and Coincident 
Spectral Plots) 

-Channel Determination (Divergent Concept) . 

The three classification approaches are 

-Level Slicing Decision Rule (LEVELS) 

-Euclidean Distance Rule (EUCLID) 

-Likelihood Rule Assuming Multivariate Gaussian 
Probability Density Functions (GLIKE) 

MSS Data Representation (Gray Map) : is a 

symbolic map produced by a computer printer under a 
procedure of assigning a computer symbol to a mutually 
exclusive subset of the MSS gray tone values. This 
gray map not only provides a user a convenient way to 
produce LANDSAT images but also permits the accurate 
matching of pixels. With the appropriated gray tone 
arrangement, the gray map of each channel can 
discriminate the different ground features. The sample 
of gray maps which have 15 distinguishable shades of 
the MSS data in Band 5 (channel 2‘) and Band 7 (channel 
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4) are shown in Figure 3 and Figure 4, respectively. 
The gray map is only a guidance meant to aid the user 
to learn what ranges of gray tone are related to his 
interested feature. 

Histogram ; is a graphical plot which shows the 
relation of the gray tone values and frequency of their 
occurrences. The horizontal axis represents the gray 
tone values and the vertical axis represents the 
frequency of' occurrence for each gray tone. A 
histogram of the Band 5 MSS data which gives the gray 
tone distribution of the same area in Figure 3 is shown 
in Figure 6. From these two computer aid techniques, 
it can be seen that any interested feature may be 
represented by a range of gray tone values and its gray 
tone distribution is overlayed by some other features. 
For example, a symbol $ in the gray map Figure 3 
appears not only at the mangrove forested area but also 
at the deltaic area. Statistically, we can represent 
an interested feature of a MSS data channel by mean of 
setting up a sample set whose mean and standard 
deviation can be computed. Furthermore, the relation 
of the feature among MSS data can be represented by a 
correlation matrix. Rectangles shown in Figure 3 and 4 
are sample sets for several features. In RECOG, a set 
of rectangular areas which represents a same expected 
feature is called a class of training set and each 
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rectangle is also called a field of training set. 

Statistical Values (Covariance or Correlation 
Matrix, Mean Vector and Standard Deviation Vector) : 
The classification approaches employed in RECOG use 
these statistical values as arguments for the 
computational algorithms. RECOG will provide all these 
statistical values in form of computer punch cards so 
that once they are sampled, they can be re-used with 
any additional training classes specified for later 
classification work. Sample outputs of correlation 
matrices, mean vectors, and standard deviation vectors 
for training set classes 'MONl* , 'ROAD', and 'SWPl' are 
shown in Figure 9. Occasionally, some training classes 
are mis-selected and/or duplicated, thus there are two 
computer-aid techniques: channel graph plot and 
statistical graph plot, to inspect the behavior of the 
training classes. 

Channel Graph Plot (Class Histogram) : is a set 
of N-channel histograms for a training class. These 
histograms will help the user to inspect whether any 
mis-selected training data points occurred by giving a 
multimodal distribution. Figure 10 displays thrfee 
selected training classes in channel 1 to 4 (or Band 4 
to 7 according to LANDSAT) . 
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Statistical Graph Plot (Class Spectral Plots and a 
Coincident Spectral Plot) : is a plot which 
represents a class mean value and its standard 
deviation for an interclass comparison. Class spectral 
plots shown in Figure 11 indicates the statistical 
variation in gray tone values of the 4 channels. The 
center of the row of asterisks is a specified class 
mean value and the length of the row presents plus and 
minus its one stardard deviation. The duplicated 
classes may be easily found by checking the displayed 
patterns of classes among channels. However, it takes 
quite some time for checking through. Therefore, RECOG 
provides a summarized spectral plot called a coincident 
spectral plot which coincides all the class spectral 
plots to one plot. Prom a coincident spectral plot 
shown in Figure 12, it can be seen that class A 
(Mangrove training area) and class D (Swamp area) are 
statistically the same in channel 2 (band 5) and are 
different in channel 4 (band 7) . If there are any 
duplicated spectral plot of the training classes for 
various channels, one of them can be selected as their 
representatives or they can be re-defined as the same 
class sample points. So far, the described 
computer-aids have been used to select training 
classes. Time consumption is quite insignificant 
because the selecting procedures deal with several 
small subimages. However, the classification scheme. 
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especially maximum likelihood decision rule, requires a 
considerable amount of computation. Furthermore, 
processing time increases rapidly and non~linearly with 
increasing channels and decreasing accuracy could 
actually result if all available channels are used (8) . 
To deteirmine which channels to use, RECOG uses the 
LARSYS divergence algorithm for selecting the best 
subset of channels to discrimate the classes of 
interest. 

Channel Determination ; is a process of 
selecting the best M subsets of the given N channels 
from the N given mean vectors and covariance matrices. 
This divergence algorithm is described by Marrill and 
Green (9) . Sample output of channel determination 
shown in Figure 14 was computed from the- given class 
mean vectors and covariance matrices of 4 MSS channels, 
the divergence between all pairs of classes as a 
function of channels,. RECOG will print the channel 
combination divergence corresponding to a descending 
order of the divergence measures. The greater the 
divergence, the better the channel combination. 

Next consideration is to use the appropriated 
decision rule for an accurate, fast, and economic 
classification. The following classification des- 
criptions discuss the r^ature of each classification 
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approach, its accuracy and time consumption. 

A Level Slicing Decision Rule (LEVEL) : assigns 

a class type to a data pixel whose gray tone value is 
in the range of the given minimum and maximum values of 
each selected channel. LEVELS is the simplest and 
fastest computational algorithm because the given 
,, ranges can be thought of as entries to a table look up. 
For example, Table 3 indicates that any sample pixel is 
assigned to a class type 'H', if its gray tone value is 
in the range 12 to 13 of Band 5 and in the range 3 to 5 
of Band 7 . 


Although LEVELS is the fastest algorithm, there 
are two misleading assumptions; 

1) every value of the given minimum and maximum 
range has equal probability of occurrence ; and 

2) each class type has uniquely been specified by 
the given range. This assumption is not always 
true because some class types can have an 
overlapping gray tone distribution. 

Due to these misleading assumptions, both error of 
omission and error of commission can be rapidly 
increased . Sample output of a LEVELS recognition map is 
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shown in Figure 17 . 

An Euclidean Distance Rule (EUCLID) : assigns a 
class type based on a classified boundary which is 
specified by the given class mean vectors and standard 
deviation elements of the given class covariance 
matrices. This classification scheme give some 
controls to a RECOG user who knows the nature of his 
interested sample area. Each classified boundary can. 
easily'" be adjusted by changing a control parameter 
which is a function of the means and standard 
deviations. However, it takes longer time to decide 
what given class type a sample pixel X belongs to since 
a statistical distance of X with respect to the center 
of each boundary is needed to determine. 

The Euclidean distance is measure of closeness 
between the unknown sample vector X and the mean vector 
M for the class under consideration weighted by the 
variance of the mean value in each channel. With the 
covariance information ignorance, EUCLID treats the 
gray tone distributions as statistical independent 
across channels. This is quite some obstructions to the 
classification results because the correlation of the 
data nature across channels has somewhat significant 
dependency. ■ These can be seen from the correlation 
coefficient element of the sample output in Figure 9 . 
There are at least two practical procedures to maximize 
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correct classifications and minimize misclassification. 
First, a principal component transformation on the data 
to derive linear combinations of channels which are 
independent must be performed to fit the EUCLID, 
Secondly, numbers of of several iterations to adjust 
the control parameters must be trailed so that the 
relevant closeness distance between mean and sample is 
well specified in the overlapping area of the different 
boundaries. This is quite troublesome and it takes 
longer operations to interface between the automated 
processing and man decisions. Sample output for an 
Euclidean recognition map is shown in Figure 20. 

The Gaussian Maximal Likelihood Ratio Rule 
(GLIKE) : uses conditional multivariate Gaussian 

probabilities to assign a class type according to its 
highest given probability toward a sample pixel. Under 

the assumption that the interested sample data are 
normally distributed, this rule is the most accurate 
classification scheme requiring a considerable amount 
of computation time. 

Owing to the highest probability assignment, every 
sample point in a given data map will be assigned even 
in the overlapping boundaries. Therefore, the degree 
of accuracy depends on how many classes can cover the 
overall boundaries and how likely the gray tone 
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distributions behave as a Gaussian distribution. If 
any multimodal distribution of a desired class occurs, 
we can simply split it up into several subclasses which 
may then be more normally distributed. After all 
processing, the recognition results from these 
subclasses may then be combined. In most cases,' the 
error of commission effects the GLIKE decision rule 
because fewer classes are specified for classification 
scheme. One way to compensate this error type is to 
reject the classified sample point which do not exceed 
a certain confidence level or threshold. This 
substantially has the effect of thresholding out an 
unknown sample pixel which does not really belong to 
the' defined classes. Sample outputs of the recognition 
maps are shown in Figure 22, 25 and 27. Figure 25 and 
27 display the GLIKE recognition map associated with 
the thresholding values. Furthermore, Figure 27 shows 
that two subclasses of water type are combined. 

As mentioned, the RECOGX package contains a cubic 
convolution interpolation technique which is 
recommended by P.V. Wiu (7) . This technique provides 
smooth computer print-out images and will help users in 
extraction of information in small subimage areas which 
individual pixels can be seen. It is implied that any 
small subimage area which was previously difficult to 
be defined as a class type in RECOG such as roads can 
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be enlarged by using this technique. Sample outputs 
for the originated subimage and the enlarged one are 
shovm in Figure 28 and 29, respectively. 


Use of RECOGX 

According to the Generation and Physical 
Characteristics of the MSS System Corrected Computer 
Compatible Tapes publication, a LANDSAT imagery scene is 
divided into four imagery strips each of which consists of 
approximately 820 pixels wide and 2340 pixels long. In 
order to obtain the MSS data in the CCT which includes 
information from all four spectral bands, the data from the 
bands are combined in process called interleaving. This is 
an operation in which two bytes of data from each band are 
interleaved to produce an eigth-byte group, which is the 
smallest element of interleaved data. Therefore, a pre- 
processing step of RECOGX is to convert each imagery strip 
of interleaved data to be four separate data sets within a 
computer file called a RECOGX reformatting file. The RECOGX 
reformatting file also provides imagery coordinates, 1-824 
column-wise and 1-2340 row-wise, to the RECOGX user for 
refering his interested areas to the RECOGX programming 
steps. 


There are six programming phases of the RECOGX package 
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for the "user to extract an<J classify his interested 
subimage. The following six programming details associated 
with their control cards and output summaries are as 
described below: 

Phase I This phase is used in conjunction with 
ground information to select training and test fields. It 
reads the spectral data from a RECOGX reformatting file and 
displays selected channels of desired area in form of gray 
map. An optional histogram of data distribution in the 
specified area can also be plotted, 

Figure 2 displays the control cards requested by the 
user to print a gray map of MSS data in Band 5 and 7 for the 
Mangrove area around the Bang Pakong Estuary. The selected 
area according to the RECOGX coordinates is- lines 445 to 
565, every line, and columns 387 to 506, every column. 
Fifteen distinguishable gray tone ranges are given 
corresponding to the specified symbols in the ’CHARACTERS* 
and 'XCHA' commands. The gray map outputs of Band 5 and 7 
according to the control cards of Figure 2 are shown in 
Figure 3 and 4 , respectively . 

Figure 5 is the control cards requesting for band 5 
histogram of the Figure 3 area and the histogram plotted by 
PHASE I shown in Figure 6. 



PAGE 23 


Phase II This is a statistical processor for the 
training fields selected after studying Phase I output and 
ground information. The first statistical information 
printed consists of a correlation matrix, a mean vector, and 
a vector of standard deviation for each selected channel. 
Only the lower triangular portion of the covariance matrix 
and mean vector of each field are punched on cards which 
will be used for classification purpose ill Phase III, Phase 
IV and Phase V. Histograms of the data distribution for 
selected channels* in each field will be displayed to check 
if there is any fault selection training class. The class 
spectral plots and a coincident spectral plot will be 
printed as the last step to show the combination between the 
selected channels and the selected classes. 

Figure 7 shows . the control cards used for Phase II 
indicating that the user selected 7 training classes from 
the Gray map of Figure 3 to get their statistical values. 
The rectangles indicated in Figure 3 and 4 are the selected 
fields of these seven training classes which are composed of 
3 classes of distinct water levels, 2 classes of swamp area, 
one for mangrove forested area and one for road. Each field 
of these seven classes refers to the RECOG coordinates 
indicated by line and column number. The control cards 
request the following statistical, results! 

1) Statistics for all defined classes; correlation 
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matrices, mean vectors, and standard deviation 
vectors will b'e printed; covariance matrices and 
mean vectors will be punched. 

2) Histograms for channel 1, 2, 3, 4 (or Band 4, 5, 6, 

7) and all classes. 

3) Class spectral plots for all classes. 

4) A coincident spectral plot. 

First, P.hase II sorts the input data cards and 
summarizes the infomation as indicated in Figure 8, The 
correlation matrices, mean vectors and standard deviations 
for three of the seven classes are printed and shown in 
Figure 9 , Due to the symmetrical property of the covariance 
and correlation matrices, only their lower portion of 
matrices are punched and printed, respectively. The 
correlation matrix will show the most and the least 
correlations among the selected channels for each class. 
Sample histograms for three classes of mangrove area, road, 
and swamp area for channel 1 to 4 are shown in Figure 10. 
The class spectral plots for these three classes indicating 
the statistical variation in gray tone for each selected 
channels are given in Figure 11. The center of the row 
asterisks **' is the mean value and the length of the row 
represents plus and minus one standard deviation. The last 
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output shown in Figure 12 is a coincident spectral plot 
representing the spectral plots o£ all classes within a 
channel to compare and check whether there is any duplicated 
class . 


The results of Figure 10, 11 and 12 depict the 
interclass comparisons to serve the following three 
different purposes 

1) The maximToiti and minimum gray tone values in each 
channel for each class can be used, as parameters 
for the level slicing classification process. 

2) The more disjoint of the gray tone distribution in 

each channel the better a classification -will be 
resulted. The separation or overlapping 

distribution can be inspected from the class 
spectral plots and coincident spectral plot. If 
there is any overlapping distribution, this may 
result to divide such class into several 
subclasses . 

3) For the better GLIKE classification work, the uni- 

, modality of each class histogram must be examined. 
The multimodal distribution of a training class may 
cause greater commission error. 
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Phase III The program computes the divergence 

between all pairs of classes as a function of channels. It 
will select the ten optimum wavelength channels which can 
best discriminate between the fields of interest to the best 
of the divergence values. Figure 13 shows the input control 
cards requesting the best two of four channels for the given 
seven classes. A distance measure has been determined for 

4 

all pairwise combinations of the seven classes and for all C 2 
ways of selecting 2 channels from the' 4 channels possible. 
For each channel combination, the minimum distance, the 
maximum distance, and the average distance have been 
calculated and the channel combinations sorted according to 
decreasing average , pair-wise distances. Only the ten most 
significant combinations are printed like Figure 14. 
Unfortunately, the divergence criteria suffers from not 
having an absolutely calibrated distance scale and by 
relying so heavily on user interaction for interpretation of 
results. That is, a divergence distance of 10.7 means 

nothing by' itself, but only in comparison to other pair-wise 
distance for other classes. By comparing divergence 
distance between the best two selected channels 3-4 and 
channels 2-4, channels 2-4 selection has better 

discrimination because most of the pair distances are 
higher. Therefore, channels 2 and 4 are selected for the 
following classification processes. 


Phase IV 


This is a preclassification precessor 
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intended for an experimental categorial assignment regarding 
the decision schemes* Such decision schemes are level 
slicing, Euclidean distance and Gaussian likelihood ratio. 
The program reads the MSS data from a RECOGX reformatting 
file and reads the statistical value arrangements of the 
defined classes, that is, the level slicing classification 
requires only the maximum and minimum values of each class 
in the selected channels while the Euclidean distance and 
Gaussian likelihood ratio classifications require covariance 
matrices and mean vectors of the selected classes. The 
recognition map and summary table which contains number of 
pixels for each categorial assignments will be printed. 
Figure 15 displays control cards requesting for level 
slicing decision scheme. Given statistical maximum and 
minimum gray tone values of channel 2 and 4 for the 15 
different water levels, the classified area is at Bang Pra 
reservoir whose RECOGX coordinates are lines 837 to 889 and 
columns 513 to 549. First Phase Iv sorts the input cards, 
assigns a recognition map symbol to each class, and 
summarizes the information in the table form shown in Figure 
16. The recognition map and the summary table are shown in 
Figure 17 and 18, respectively. 

Figure 19 shows the input control cards for using the 
Euclidean distance classification EUCLID, As we previously 
described in the last section, Euclxdean decision rule 
required a thresholding value per class for its 
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classification scheme. In this case, the thresholding 
value of every class is assigned a value of 1 . With the 
given mean vectors, covariance matrices, thresholding value, 
training field coordinates and the best two selected 
channels, the recognition map of the- same area in the gray 
map Figure 3 and 4 is shown in Figure 20. 

Figure 21 shows the control cards requesting for the 
Gaussian likelihood ratio decision scheme GLIKE. Without 
the thresholding control cards, the input data for GLIKE are 
the same as in Euclidean one. The GLIKE recognition map of 
the same area classified by the EUCLID is shown in Figure 
21. Since' this decision scheme is based on the highest 
conditional probability of the given classes, the 
recognition map of Figure 21 provides the classified 
characters to every pixel even though some of them do not 
really belong to the defined classes. As a result. Phase V 
and VI were written to reject the classified pixels whose 
conditional probabilities do not exceed a certain confidence 
level or thresholding values according to the Chi-square 
table. 


Phase V Oiily the Gaussian likelihood ratio scheme 
will be used for this final classification. Phase V will 
classify the given MSS data from a RECOGX reformatting file 
according to the covariance matrices and the mean vectors 
for the defined classes in the selected channels. Then an 
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output recognition map which contains the assigned category 
and its highest conditional probability will be written in a 
computer file for the use in' Phase VI. 

Figure 23 .shows the, control cards requesting for a 
Gaussian maximal likelihood decision scheme GLIKE with the 
same classifying area, covariance matrices and mean vectors 
of the same assigned classes as given in Phase IV EUCLID and 
GLIKE schemes. Symbols have been specified for each class 
from the control card set; A for mangrove area, E,F and G 
for three different water level, C and D for two distinct 
swamp areas, and B for road. If the classification process 
is successfully executed, the comment, FILE WRITTEN ON TAPE 
8 is printed . 

Phase VI The purpose of this phase is to threshold 
out every assigned category which does not really belong to 
any of the assigned classes. With the number of channels 
used in Phase V and the given thresholding index for 
Chi-square .table in Phase VI, every misclassif ied pixel 
whose condiitonal probability does not exceed the given 
thresholding value will be rejected. To obtain a 
thresholding value from the Chi-square look up table in 
Phase VI, the required entries of this table are number of 
channels used in classification and a thresholding index. 
This thresholding index is a set of integer value varying 
from 0 to 10, If 0 thresholding index specifies on a 
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classified class, no rejection process will conduct to that 
class. Elsewhere, any thresholding index between 1 and 10 
will cause Phase VI to threshold out a percentage of points 
corresponding to the following table. 




Percent Thresholded Out 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


0.1 

0.5 

1.0 

2.0 

2,5 

5.0 

10.0 

20.0 

25.0 

50.0 


Figure 24 shows the control cards and header 
information requesting to the thresholding indices: 4 for 
'MONl’ (mangrove area), 7 for 'ROAD' (road class), 2 for 
'SWPl' (swamp area), 3 for 'SWP2' (shallower swamp area), 
and 1 for 'WTRl', 'WTR2', and 'WTR3' (three distrinct water 
.level) . The thresholding recognition map corresponding to 
this request is shown in Figure 25. 
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Figure 26 shows the control cards and header 
information for the increased thresholding indices and the 
re-assigned symbols for the seven defined classes. The 
outputs of recognition map and the number of final 
classified pixels for each class are shown in Figure 27. 

In fact, the .degree of accuracy or confidence in this 
final classification depends on how the training class 
behaves as a normal distribution in the selected channels 
and what qualification of the ground area appropriates for 
the training class. With the six computer-aid techniques 
and three classification schemes in RECOG package, and the 
additional cubic convolution technique, a final 
classification work can be accomplished through the six 
programming phases in RECOGX. 
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III APPLICATION SAMPLES 

During the RECOG package modification period, the 
following two imagery CCT's of LANDSAT-A were available at 
AIT Regional Computer Center:- 

1) E1167.H03070 which covers the south eastern part of 
Thailand is taken on the passing date January 6 , 
1973 , 

2) E1168.H03122 which covers Thailand central plain 
including Bangkok is taken on the passing date 
January 1 , 1973. 

Two RECOGX reformating files which contain the second 
strip of E1167.H03070 and the fourth strip of E1168.H03122 
has been stored in disk pack of the IBM 370/145, The second 
strip of E1167.H03070 covers mangrove forestry area, Bang 
Pakong River, BangPra Reservoir and the eastern beaches of 
Thailand and the fourth strip of E1168.H03122 covers 
Bangkok, Don Muang Airport, Rang Sit area, Wang Noi, Ayuthya 
and Lopburi provinces. According to the LANDSAT 
photographic imageries, these two scenes had less cloud 
coverage and are very clear in every band. Therefore, the 
test run and classification trails were processed based on 
these two reformating files. Furthermore, these imagerial 
scenes, south central plain and the southern part of 
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Thailand scenes for severai passes of LANDSAT-B were ordered 
from US EROS data center at the end of January 1976'. 
Unfortunately, the only two scenes were received at AIT-RCC 
at the end of September 1976. These two scenes are:- 

1} E2073.H02552 which is the same area as E1167 .H03070 

is taken on the passing date April 5, 1975; and 

2) E2182.H03014 which covers the southern part of, 

Thailand including Prajuab province is taken on the 
passing date July 23, 1975. 

Approximate 85 percent of these two scenes are cloud 
coverage and the rest of the scene is most probable 

distorted by shadow of the high thin cloud. 

As a result, the areas used in this report for the 
three classification approaches and the cubic convolution 
interpolation technique are based on the second strip of 
E1167.H03070 and the fourth strip of E1168 .H03122 . 

Geographically, the areas used from the second strip of 
E1167.H03070 are:- 

1) Mangrove area around the Bang Pakong estuary; 

2) Bang Pra reservoir; 

3) Deltaic area of lower Bang Pakong estuary; and 

the areas used from the fourth strip of E1168.H03122 
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are:- 


1) Rang Sit area including the intersection between 
Pahonyotin highway and Rang Sit cannel 


2) Wang Noi District, 


Level Slicing Classification ; 

As stated under level slicing decision definition/ the 
distribution of any feature under this classification scheme 
ought to be non-interest uniform distribution. By studying 
several class histogram of the given training classes/ an 
non-overlapping distribution in Band 7 of the deep water, 
such as reservoir and sea water, is found. Two selected 
areas for this classification are Bang Pra reservoir and 
deltaic area of lower Bang Pakong estuary. Gray maps of 
Bang Pra reservoir in Band 5 and 7 are shown in Figure 30 
and a gray map of deltaic area of lower Bang Pakong estuary 
in BAND 5 is shown in Figure 32. From Figure 31 and 33 
which are the class histogram of Bang Pra reservoir and 
deltaic area, respectively, we can see that the water 
feature gives the unimodal distribution for both Band 5 and 
7 . To avoid the misclassif ication due to the uniformity of 
the distribution v;e can simply divide the distributions into 
several sub-region as the sub-division of the level slicing 
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region shown in Table 3. The level slicing recognition maps 
for Bang Pra reservoir and the deltaic area of the lower 
Bang Pakong river are shown in Figure 17 and 34/ 
respectively. 


Euclidean Distance and Gaussian Maximal Likelihood 
Classification Schemes : 

As earlier mentioned, these two decision schemes 
require the statistical values from the defined classes as 
their input parameter. Euclidean will classify the MSS data 
based on classified boundary constructed by the class mean 
and standard deviation regardless of the inter channel 
relation. In case of the overlapping distribution, the 
decision rule will discriraate what class to be assigned from 
the closeness of the statistical distance. This 
substantially provides a user some control to his results. 
Meanwhile, Gaussian decision scheme require only the 
unimodal distribution of the training classes. It 
classifies an unknown pixel to a class whose conditonal 
probability is highest. The misclassif ication potential of 
Euclidean is error of omission while of Gaussian is error of 
commission. Certainly, the classifying area for these two 
classification scheme must have serval features whose 
sub-area is large enough to specify a training set for each 
feature. The selected area for these decision schemes is 
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mangrove area around the Bang Pakong estuary. Its gray maps 
in Band 5 and Band 7 are shown in Figure 3 and 4, The 
rectangles in both gray maps are training fields which are 
set up for mangrove (MONl) class, three distinct water level 
sub-classes (WTRl, WTR2 and WTR3) , two distinct swamp area 
sub-classes (SWPl and SWP2) arid road feature (ROAD) . These 
rectangular locations corresponding to the RECOGX 
coordinates are indication in Figure 7. By class histogram 
comparison, the road training class gives the worst gray 
tone distribution as shown in Figure 10. From the output 
punch cards of the statistical values, the divergent concept 
employed in Phase III of RECOG indicates that the best two 
channel for decision schemes are channels 3-4 and 2-4 . The 
combination of channels used for these decision schemes are 
2-4 because most of the statistical pair distances of 2-4 
combination are higher than 3-4 combination as shown in 
Figure 14. The Euclidean recognition map of this mangrove 
area with the thresholding value 1 for every defined class 
is shown in Figure 19 and the Gaussian recognition map of 
the same mangrove area is shown in Figure 22, 


Gaussian Maximal Likelihood Ratio Associated with the 
Chi-square Table ; 

Geographically, the road classified pixels, appear in 
the GLIKE recognition map Figure 22, have some 
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contradictories against its nature such as numbers of single 
disconnected road pixel spread over the mangrove area and 
the road width in some places is too wide according to the 
described pixel size. The statistical reasons behind this 
misclassif ication result are : 

1) the selected training sub image for the road class 
too small to exclude the non-road pixel and thus 
the road distribution shown in Figure 10 are not 
normally distributed for any channel; and 

2) the gray tone range of the road class in each 
channel is at the middle of the band range. Hence, 
the unknown classes which do not close to any other 
defined classes tend to be assigned to the road 
class owing to the highest conditional probability 
criterion. 

Eliminating the misclassified pixel is to use the 
Gaussian maximal likelihood ratio criterion with the 
Chi-square table. . Prom Figure 25 and 27, thresholding 
indices given to the road class are 7 and 9 , respectively . 
This indicates that the better possibility of the classified 
road pixel should be. However, the thresholding values of 
the Chi-square table do not effect the classified pixels 
which are strongly connected within the class. For example, 
numbers of classified pixels for the 'WTRl', 'WTR2', ’WTR3 * 
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and ’SWPl' do not decrease even though their thresholding 
indices are up to 4 . The numbers of classified pixels for 
each classes can be seen from the simmarized table in Figure 
22,25 and 27. Moreover, some of the classified symbols in 
Figure 27 can be re-assigned for the sub-classes composition 
(*WTR2* and *WTR3* are assigned to 'G' symbol) and for the 
image enhancement ('MONl' as M and 'ROAD* as I). 

The similar trail has applied to the Wang Noi District 
whose area is in the fourth strip of the E1168 .H03122 . 
However, the Wang Noi area covers so many tiny features such 
as artificial waterway, bare ground and harvested rice 
field, while the mangrove area around the Bang Pakong 
estuary covers most of the main feature. The final 
recognition map at Wong Noi District with 10 distinct 
feature shown in Figure 35. 


Cubic Convolution Interpolation Technique: 


According to the difficulty of the small training 
selection, RECOGX includes a cubic convolution interpolation 
technique introduced by P.V. Wiu and his working group (7) . 
The computer program was written to enlarge the small 
subimage whose coordinates are known from a RECOGX 
reformatting file. The output file of the enlarged subimage 
was organized in the same fashion as the RECOGX reformatting 
file so that every programming phase can access it without 
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any grammatical command changed. The Band 5 small subimage 
of the Rang Sit area that covers the intersection of the 
Pahonyotin highway and Rang Sit canal (Figure 28.) is 
selected for this technique. The gray map of the 10 x 10 
enlarged subimage for the mentioned area in Band 5 is shown 
in Figure 29 , 


iss 
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IV SUMMARY 


RECOG package of Colorado State University was selected 
for implementation on the IBM 370/145 at AIT-RCC to classify 
and interpret the informaiion on the Computer Compatible 
tapes obtained from the LANDSAT in passes over Thailand. 
Due to the computer system difference, six modifying steps 
were conducted to adapt the RECOG package to suit the AIT 
computer facilities and to improve the performance. 
Furthermore, the cubic convolution interpolation technique 
was added to the modified package to allow more efficient 
selection of the small training field. To distinguish 
between the original and modified RECOG package, the 
modified package was named RECOGX, 

The basic objective of RECOGX is to recognize and 
classify the combination of the LANDSAT Multispectral 
Scanner Data in the Computer Compatible Tapes. These 
information interpretation and classification work can be 
performed by using six computer-aid techniques and three 
classification decision schemes from the RECOGX package. 
Two of these three decision schemes provide a user a control 
parameter, that is, with the statistical value of the 
selected training field the classification results can be 
controlled by changing the parameter indices. 


Two strips of the different LANDSAT-A imagery scenes 
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were selected for these classification works. The 
classified areas were Mangrove area around the Bang Pakong 
estuary, Bang Pra reservoir, deltaic area of lower Bang 
Pakong estuary and Wong Noi District. The small subimage to 
test the image enlargement of the cubic convolution 
technique is Rang Sit area including, the intersection 
between Pahonyotin highway and Rang Sit canal. However, it 
was the initial intention to classify some of the mentioned 
areas from the LANDSAT-B computer compatible tapes. 
Unfortunately, it is not possible to process such data in 
time due to the late delivery of LANDSAT-B CCT. Moreover, 
the late received LANDSAT-B imagery scene covered by cloud 
coverage approximately 85 percent. 

Although a question of the ground truth observations 
corresponding to the LANDSAT passing date of the classified 
scene has been left unanswered by this report, the 
classification results promisingly indicate that the road 
feature and the waterway can be identified by the use of the 
computer-aid techniques and the classification decision 
schemes. Future research should focus on refinement of the 
ground measurement settings to improve the accuracy of the 
classification work. 
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Figure 2 : PHASE I CONTROL CARD. Two sets of control cards request for graymap of the MSS data in Band 

5 and 7 for the Mangrove area around the Bang Pakong Estuary. 
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Figure 3; PHASE I GRAYMAP OF BAND 5. The grayscale printout with 15 different symbols resulting from the 
top set of control cards request of Figure 2 has been printed. Rectangulars are training sets that will be 
used for classification approaches. 
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'igure 4: PHASE I GRAYMAP OF BAND 7. The grayscale printout with 15 different symbols resulting from the 

bottom set of control cards request of Figure 2 has been printed. Rectangulars are training sets that 
will be used for classification approaches. 
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Figure 5; 


PHASE I CONTROL CARD FOR HISTOGRAM. A set of control cards requests for a histogram of the 
MSS data in Band 5 for the area of Figure 3. 
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Figure 6: PHASE I HISTOGRAM. The histogram printout resulting from the control cards request of Figure 5. 

The horizontal' axis represents the gray tone value. The vertical axis represents the frequency of occur- 
rence for each gray tone. In this particular example, each * represents 86 pixels. The numerical digits 
(1—9) indicate the fraction (0—100 percent) of 86 pixels that occurred for the gray tone value. 
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Figure 7: PHASE II CONTROL CARD. With the RECOG coordinates of the rectanplars shown in Figure 3 and 

4, swamp' areas; road; estuary and detaic area of Bang Pakong; and the mangrove forestry have been 
selected as training sets for which statistics are to be obtained. A mean vector and covariance matrix, a 
coincident spectral plot, class spectral plots, and class histograms for each channel are to be obtains. 
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Figure 8: PHASE II CONTROL CARD SUMMARY OUTPUT. Given training classes and their RECOG coordi- 

nates, PHASE II first sorted the control cards correspending to the alphabetical order and then listed 
them out as a summary output. 
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Figure 9: PHASE II CORRELATION MATRICES. The correlation matrices, meanvectors, and standard deviation 

vectors are given for three of the seven classes requested. Only the lower triangular portions of the 
symmetric correlation matrices are printed. 



- A9- 



-1ISTLs»-.Att wF i'lADlA^CE 



CnA 4S2L 1 

'sPeCTRAL b* 

.ii> 

O.nC 

ID O.A>«- hicroheters 

£ACn « 

REbnESENTS 9 POINTS 

M. , JPpJL 


w 






126 2 


■* 














lOtJ X 


*5 






1 


«« 





* 

VO 1 








.Di I 

. 







72 1 


»* 




*■ 

1 ' 

..O 1 . 







54 I 






■ ' 1 


45_r 


4f^* 





56 I 








27 1 








13 1 








__9_I 

- . ^ 




1 1 ■ 1 

4- 


O.O 


20.00 

' 

’’ 

60-00 

* * 







CLA5S HQNl 



165 1 

Channel z 
1 

SPFCTkAL BAihO 

O.AA 

TO O.Ao HICROHETEkS 

EACH * 

REPRESENTS IL PDINTS 

15a I 

V 







1A5 I 

V 







132 1 

«7 







141 1 








110 I 








99 I 








33 X 








77 1 








66 1 








55 1 








AA 1 








53 1 








22 I 








11 I 

2 ’**9-* 








C 1- 
0.0 


CHANNEL 


56 1 
i>Z I , 

AS I . 
AA 1 
AO l‘ 
36 I 


32 1 
26 1 
ZA 1 
20 _I 
“lo 1 
12 1 








20.00 


AO.OD 

6D.00 

60-00 . . 

lOO-OD. 

3 SPrCTRAL 3AN0 

O.Ad 

CLASS MONl 
TO O.AS HICKCHETERS 

EACH « REPRESENTS 

’^VoInts 


2 

ft 

« 

2 • 
* ft 
ft ft 

» 7 

< ft 

.. - . 

. 

— 


*v* 

7««s*2*a» 
7»-«««»**-*7 «■ 


*222 2 


. 6Q.*0p . 


. 100..0CL 


5PCC1RAL a/vND 0.A6 


f5 

I 


70 

I 

ft 

65 

I 

ft 

60 

1 

ft 

55 

1 

»6 

50 

I 

6ft* 6 

A5 

I ' 

A 

40 

1 

ftftftft^ft 

35 

1 

«ftftftft9 

30 

1 


25 

1 

ftftvftftftft 

20 

1 

ftftftftftftftft 

15 

I 

ftftftftftftftft 

to 

1 

gftftft.^«ftftft2 

5 

C 

1 

t^Aftft^ftft^ftftvftA**^ 


HISTLGRAH OF RADIANCE, 


CL ASS MONl 

TO 0.50“ HICKOHETERS 


EACH * REPRESENTS 5 POINTS 


20.00 


AO. DO 


60.00 


bO^OO - 


100 * 00 - 


Figure 10a: Class histograms for mangrove training class 


Figure 10: PHASE II CLASS HISTOGRAMS. The histograms for the selected training classes at mangrove forestry 

area around Bang Pakong estuary in channel 1 to 4 (Band 4 to 7 according to LANDSAT— 1 and —2 MSS 
band): 

Figure 10a: class histograms for mangrove training class. 

Figure 10b: class histograms for road training class 

Figure 10c: class histograms for-swamp and shallow water level class. 
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Figure 10b: Class histograms for road training class. 
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Figure 10c: Class histograms for swamp and shallow water level class. 
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Figure 1 1 : PHASE II CLASS SPECTRAL PLOTS. The class spectral plots for the three classes of Mangrove fores- 

try, and swamp area indicating the stahstical variation in gray tone for each channel are given. The 
center of the row of asterisks is the mean value and the length of the row represents plus and minus one 
standard deviation. 
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Figure 12: PHASE II COINCIDENT SPECTRAL PLOT. All seven class spectral plots have been plotted on one axis 

for interclass comparison. 
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Figure 13: PHASE III CONTROL CARDS. Class mean vectors and covariance matrices request for the selection of 

the best two out of four channels. 
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PHASE III SAMPLE OUTPUT. Given class mean vectors and covariance matrices, PHASE III computed 
the divergence between all pairs of classes as a function of channels. The best two out of 4 LANDSAT 
channels are to be selected for discriminating between seven given classes. 
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Figure 15: PHASE IV LEVELS CONTROL CARDS. A level-slicing classification with the indicated statistical 

maximum and minimum gray tone values in channel 2 and 4 (Bands 5 and 7) has been requested. 
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Figure 16: PHASE IV LEVELS SORTED CONTROL CARD SUMMARY. A sorted list of the. test fields employed 

la the classification is given. The symbol to be used for each class in the 'recognition map is given, 

1^1 
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Figure 17: PHASE IV LEVELS RECOGNITION MAP FOR BANG PRA RESERVOIR. The alphabetical symbols 

in the recognition map corresponds to numbers of statistical maximum and minimum gray tone values 
requested. 
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Figure 18: PHASE IV LEVELS CLASSIFICATION SUMMARY. Individual field results as well as the overall class 

summary are given. Note numbers of points indicated in the summary can be thought of as number of 
acreage for the LANDSAT —1 and —2 MSS data. 
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Figure 19: PHASE IV EUCLID CONTROL CARDS. An Euclidean Distance classification of the seven defined 

classes indicated sets using channel 2, 4, and the threshold value of 1 for each class has been requested. 
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Figure 20; PHASE IV EUCLID RECOGNITION MAP FOR THE MANGROVE AREA AROUND THE BANG 
PAKONG ESTUARY. The alphabetical symbols in the recognition map correspond to the sequence of 
the statistical training sets have been read. 
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Figure 21 : PHASE IV GLIKE CONTROL CARDS. A Gaussian maximal likelihood classification of the seven indi- 

cated statistical sets using channel 2 and 4 . 
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Figure 22: PHASE IV GLIKE RECOGNITION MAP FOR THE MANGROVE AREA AROUND THE BANG 

"\KONG ESTUARY. The alphabetical symbols in the recognition map were assigned to every pixel 
Decause of the conditional probability assumption. 
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Figure 23: PHASE V CONTROL CARDS AND SAMPLE OUTPUT. A Gaussian maximal likelihood classification 

using channel 2 and 4 for the RECOGX coordinates: tine 445 to 565 and its column 387 to 506. The 
assigned symbol associated with its conditional probability value in the recognition map is written into 
the computer file for future use in PHASE VI. 
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Figure 24: PHASE VI CONTROL CARDS AND HEADER INFORMATION. Given the written file from PHASE V, 

the control cards request the recognition map at the RECOGX coordinates line 445 to 565 and column 
387 to 506 and also request thresholding indices: 4— MONl, 7— ROAD, 2— SWPl, 3— SWP2, and 1 for 
WTRl, WTR2 and WTR3. For 2 channel classification, the thresholding indices 1,2 and 3 correspond 
to Chi-square values 13.815 and 9.210 with are degree of freedom, respectively. 
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Figure 25: PHASE VI RECOGNITION MAP AND CLASSIFICATION SUMMARY. Compare this recognition map 

with Figure 22, the misclassification of road training set is eliminated because the sample points of low 
probability thresholded out is given. 
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Figure 26; PHASE VI CONTROL CARD AND HEADER INFORMATION. Given the same written file from 
PHASE V, control cards request to change the used alphabetical symbols in the recognition map. 
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Figure 27: PHASE VI RECOGNITION MAP AND CLASSIFICATION SUMMARY. The ROAD boundaries in this 

recognition map are further eliminated because of the increased thresholding index. 
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Figure 28; 


BAND 5 GRAY MAP OF RANG SIT AREA. The gray scale with 6 distingui^ble syinbols for the 
Rane Sit area A rectangular subimage, whose coordinates are lines 1639 to 1654 and columns 547 to 
570 .^s t^rmters^S'of the Pahon^otin highway and the Rang Sit canal. Thrs subunage wrll be 
ma^ified to 10 x 10 times bigger by the cubic convolution mterpolation techmque. 
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Figure 29; BAND 5 GRAY MAP OF THE MAGNIFIED IMAGE. Using the cubic convolution interpolation tech- 
nique to enlarge a given subimage of Figure 28 to 10x10 times bigger. The blank area and symbol 
represent the Pahonyotin highway. 
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Figure 3 1 : CLASS HISTOGRAM OF BANG PRA RESERVOIR. 
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Figure 32; BAND 5 GRAY MAP FOR DELTAIC AREA OF LOWER BANG PAKONG ESTUARY. 
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CLASS HISTOGRAM FOR DELTAIC AREA OF LOWER BANG PAKONG ESTUARY. 
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Figure 34; LEVEL RECONGITION MAP FOR DELTAIC AREA OF LOWER BANG PAKONG ESTUARY. 
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Figure 35: GLIKE RECOGNITION MAP FOR WANG NOI DISTRICT. 
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Table 1 ' — Application of LANDS AT Data 

Agricultural, forestry, rangeland 
Crop census 
Crop yield 

Identification of vegetational disease 
Land-use inventory 

Oceanography, marine-resources 
Fish production 
Ship routing 
Sea and ice conditions 

Hydrology 

Water- resource inventory 

Identification of fresh water resources 

Flood monitoring 

Health monitoring of lakes 

Pollution monitoring 

Geology 

Identification of tectonic features 
Geologic and physiographic mapping 
Mineral and field exploration 
Earth quake studies 

Time-rate studies: glaciers, volcanos, erosian sites 

Geography 

Thematic mapping for land use 
Physical studies for land improvement 


/I Ralph Bemstien and George C. Stierhoff, "Precicien Processing of Earth 
Image Data", American Scientist, Vol. 64, pp. 501, Sept. - Oct. 1976. 
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Electromagnetic bandwidths (ym) 


12 channel frSSS 


3 channel MSS 


.40-. 44, 
.50-. 52, 
. 62-, 66, 


.44-. 46, 
.52-. 55, 
,66-. 72, 


.46-. 48, 
.55-. 58, 
.72-. 80, 


.48- 

.58- 

.80- 


.50-. 60, .60-. 70, ,70-. 80, .80- 

10,4-12.6 


4 channel MSS 


.50-. 60, ,60-. 70, 


.70-. 80, .80- 


.50, 

,62, 

1 . 00 , 


1.1 


Table 2 


The range of the electromagnetic bandwidths against the type of 
MSS.. 



Band 7 

Band 5 

1 

2 

3-5 

6-35 

0-8 

B 

B 

E 

- 

9 

B 

£ 

E 

- 

10 

B 

B 

E 

- 

11 

C 

D 

G 

- 

12-13 

C 

D 

H 

- 

14 

I 

J 

K 

- 

15 

L 

M 

N 

- 

16-18 

0 

O 

O 

- 

19-60 

A 

A 

1 

A 

A 


Table 3 Level slicing region constructed by the gray tone value in Band 5 
and Band 7 with 16 distinguishable class A to 0 and blank symbol. 
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